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The objectives of the study were to assess antioxidant activity of five selected Vachellia 
species leaves and to determine the effect of Vachellia tortilis leaf meal based diet on 
growth performance, carcass characteristics, pork quality and fatty acid profile. 
Methanolic extracts from the leaves of Vachellia xanthophloe, V. robusta, V. tortilis, V. 
nilotica and V. nigrescens were compared for their protein precipitating capacity and 
antioxidant activities. Vachellia tortilis leaves exhibited high phenolic content with a 
correspondingly high protein precipitating capacity. Total phenolics ranged from 1.7 x 10-
8 mg/mg to 5.89 x 10-7 mg/mg. Vachellia tortilis and V. xanthophloe exhibited high protein 
precipitating capacity (54.2 and 52.0 %, respectively). The lowest protein precipitating 
capacity was recorded for V. nilotica (9.2 %). The concentration of an antioxidant which 
induces a response halfway between the baseline and maximum after a specified 
exposure time of the extracts (EC50) in the DPPH free radical scavenging assay ranged 
from 0.570 µg/ml to 0.762 µg/ml, compared to 0.481 µg/ml for ascorbic acid. A dose-
depended curvilinear response was obtained for V. xanthophloe, V. robusta, V. tortilis 
and V. nigrescens in the ferric-reducing power assay. All extracts, except V. tortilis 
exhibited high antioxidant activity (81.6 to 90.7 %) comparable to butylated 
hydroxytoluene (BTH) (94.8 %) based on the rate of β-carotene bleaching. The oxidation 
rate ratio (ORR) values of these extracts (0.09 to 0.18) were also comparable to that of 
BTH (0.08). Following the characterization of the antioxidant activities and protein 
precipitating of Vachellia species, Vachellia tortilis leaf meal was chosen based on the 
availability in the study area and as a continuation work documented else whereby 




Forty-eight Large White x Landrace male pigs (8 pigs/treatment), averaging 63 ± 0.93 
(SD) kg BW), randomly allotted to six diets containing 0, 30, 60, 90, 120 and 150 g/kg DM 
of V. tortilis leaf meal. Average feed intake (ADFI), average daily gain (ADG) and gain: 
feed (G: F) ratio were recorded weekly. These pigs were slaughtered at 18 weeks of age 
at a commercial abattoir and their carcass characteristics were assessed. Following 24 
hours of chilling the carcasses at 2 ºC, Longissimus dorsi muscle (LD) samples were 
taken between the 5th and last 13th rib, vacuum packed in plastic bags, placed on ice in 
insulated picnic coolers and transported to the laboratory, where they were kept at -20 ºC 
pending for meat quality analysis. Overall, ADFI increased linearly (Y= 0.061x + 2.155; P 
< 0.05) with inclusion of V. tortilis. There was a linear decrease (P < 0.05) in ADG and G: 
F ratio with increasing V. tortilis inclusion. The ADG and G: F decreased linearly (Y = -
0.00629x + 0.925; Y= -0.0063 + 0.415; P < 0.05) with inclusion level of V. tortilis leaf meal. 
The inclusion of V. tortilis linearly (P < 0.05) decreased slaughter weight, warm carcass 
weight, cold carcass weight, cooler shrink and back-fat thickness. Dressing percentage, 
pH at 45 minutes (pH45) and temperature at 45 minute (temperature45) were not (P > 0.05) 
affected by V. tortilis inclusion. 
 
Ultimate meat pH (pH 24), Hue and Warner Bratzler Shear Force (WBSF), increase 
quadratically (P < 0.05) with increasing levels of Vachellia tortilis. There was a quadratic 
decrease (P < 0.05) in intramuscular fat (IMF), pork redness (a*) with increasing V. tortilis 
in the diet. There was a linear decrease (P < 0.05) in pork moisture, lightness (L*), 
yellowness (b*), Chroma and cooking loss, while muscle protein increase linearly (P < 
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0.05) with increasing V. tortilis in the diet. Inclusion levels of V. tortilis leaf meal did not 
affect the dry matter percentage and ash of the pork sample. Total fatty acid content, 
proportions of individual and total saturated fatty acids (SFA), C24:1, C18:2n6 and total 
n-6 polyunsaturated fatty acids (PUFA), n-6/n-3 ratio, atherogenic index (AI) and 
thrombogenic index (TI) decreased linearly (P <0.001) with increasing levels of V. tortilis 
leaf meal in the diet. There was a quadratic increase (P <0.001) in monounsaturated fatty 
acids (MUFA). Total n-3 PUFA, total PUFA and nutritive value index increased and then 
decreased in a quadratic (P <0.001) fashion with increasing inclusion of V. tortilis leaf 
meal. The highest proportions of C18:3n-3, C20:5n3, C20:3n3 and total n-3 PUFA were 
obtained at 70, 65, 62 and 68 g/kg DM of V. tortilis inclusion, respectively (P< 0.05). The 
largest proportion C20:2n-6, C20:3n-6 and C22:2n-6 was reached at 91, 93 and 67 g/kg 
DM of V. tortilis leaf meal inclusion levels. The maximum total MUFA and total n-3 fatty 
acids were obtained at 69 and 68 g/kg DM of V. tortilis leaf meal inclusion level, 
respectively. It can be concluded that while ADG, ADFI and carcass quality decreased 
with increase inclusion level of leaf meal, pork quality improved when the V. tortilis leaf 
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                                 Chapter 1: General Introduction 
1.1 Background 
 
In the developing world, meat plays a significant role in reducing malnutrition (Mlambo 
and Mapiye, 2015), through supply of high quality nutrients (Wyness, 2016). High 
incidences of obesity, type II diabetes, coronary heart disease (CHD) and cancer has 
triggered the health awareness of consumers on what they consume (Vahmani et al., 
2015). 
 
Livestock feeding efficiency is constrained by high dependency on cereal grains such as 
maize and soya, most of them being grown or imported for human consumption and later 
feeding livestock. Successful progress has been made in search for alternative non-
conventional feed resources in past decades. For example, Vachellia, formerly subgenus 
Acacia (Kyalangalilwa et al., 2013), especially Acacia karroo, Acacia nilotica and Acacia 
tortilis have been assessed in pig feeding (Halimani et al., 2005; Khanyile et al., 2014; 
Ndou et al., 2015, Khanyile et al., 2016; Hlatini et al., 2016). The maximum inclusion 
levels of Vachellia leaf meals recommended from previous studies were based on pig 
performance and metabolic response with little or no emphasis on pork quality. It is likely 
possible that pork quality in general will require different inclusion level to that of growth 
performance previously recommended. Vachellia tortilis may improve pork quality 
through antioxidant potency and enriched n-3 fatty acid. The recently report by Khanyile 
et al. (2016) demonstrated that graded levels of V. tortilis leaf meal reduced back-fat 
thickness also warrant further research on effect on meat quality in general. Fats play a 
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vital role in meat quality such as flavor, water holding capacity, colour, tenderness and 
fatty acid composition.  Muscle composition of pigs can be directly influenced by type of 
diet fed during finishing phase (Dugan et al., 2004).  
 
Vachellia leaves contain high level of phenolics and fibre (Dube et al., 2001; Halimani et 
al., 2005). Polyphenolic compounds and high fibre depress feed intake, growth 
performance and increased size of internal organs (Makkar, 2003; Mueller-Harvey, 2006; 
Khanyile et al., 2016). Polyphenolic compounds may also have anthelmintic properties 
(Makkar, 2003) and natural antioxidant (Mapiye et al., 2011) thereby reducing the need 
of synthetic antioxidants which may predispose humans to various diseases such as 




The effect of Vachellia tortilis leaf meal inclusion on pork quality is poorly understood. 
Such information is critical in making recommendations of optimum inclusion levels of 
Vachellia tortilis leaf meal in finisher pig diets. The knowledge is critical in addressing 
concerns on the acceptability of pork product and various diseases including diabetes 
type II and coronary heart diseases associated with meat consumption. The optimum 
inclusion levels for maximizing growth performance, pork quality and fatty acid 
composition are likely to differ (Khanyile et al., 2014). Appropriate inclusion levels of 
Vachellia tortilis may, therefore, depend on whether pig producers wish to sell live pigs to 
abattoirs at the end of the production cycle or they slaughter and sell pork to consumers. 
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Where pork is the main interest and other products are to be produced, optimum Vachellia 
inclusion levels should be based on the health indicators of pork, such as n-3 fatty acid 
contents and n-6: n-3 ratios. Vachellia trotilis contains proanthocyanadins which 
jeopardises feed consumption. Yet, these proanthocyanadins have been reported to act 
as natural antioxidants that retard lipid oxidation and improve the quality and shelf-life of 
meat. Utilization of Vachellia leaf meal in feeding pigs diet will not only contribute in the 
reduction of feed costs which accounts for about 70 % of variable costs, but also improve 




The goal of the study is to examine the use of the abundant but underutilsed Vachellia 
leaf meal to reduce pressure on soyabean stocks and explore antioxidant activity of leaf 
meal in pork quality. The broad objective of the study was to assess carcass 
characteristics, physicochemical properties, fatty acid profile and oxidative stability of pork 
from pigs fed on graded levels of Vachellia tortilis leaf meal-based diet. The specific 
objectives were to: 
1. Assess total phenolic, protein binding capacity and antioxidant activity of Vachellia 
species leaves;  
2. Determine the effect of graded levels of Vachellia tortilis leaf meal-based diet on 
growth and carcass characteristics of finishing pigs; 
3. Determine the physicochemical properties pork from pigs fed on graded levels of 
Vachellia tortilis leaf meal based diets; and  
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4.  Assess response in fatty acid profile, atherogenecity, thrombogenecity indices 




1. Vachellia tortilis leaves contains high phenolic compounds, protein binding 
capacity and antioxidant activity 
2. Graded levels of Vachellia tortilis leaf meal-based diet may improve carcass 
characteristics of pigs.  
3. Vachellia tortilis leaf meal improves physicochemical properties of pork  
4. Vachellia tortilis leaf meal-based diet has no effect fatty acid, atherogenecity and 
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The evaluation of optimum inclusion levels of Vachellia tortilis leaf meal in pig diets 
requires that its impact on pork quality be considered to draw a holistic feeding 
management strategy. Pork quality can be manipulated through dietary interventions 
(Nuernberg et al., 2005). There has been a considerable amount of work on the effect of 
Vachellia leaf meal on pig performance and welfare. However, the influence of Vachellia 
leaf meal-based diets on pork quality is poorly understood. This review of literature 
discusses the antioxidant potential of Vachellia leaves, attributes of leaf meal on growth 
performance of pigs, carcass characteristics, physicochemical properties and fatty acid 
profiles.  
 
2.2 Nutritional composition of Vachellia tortilis leaves 
Vachellia is a genus of shrubs and trees which includes about 135 species. Today, most 
of them are widely spread throughout the arid and semi-arid tropics either as pure stands 
or in mixtures with allied woody species (Banerji et al., 2007). Vachellia tortilis, belonging 
to family fabaceae (sub family Mimosoideae) is a medium umbrella-shaped tree (Palmer, 
1977). The crude protein (CP) content of Vachellia tortilis leaves range from 134 to 218 
g/kg dry matter (Yadav et al., 2013; Khanyile et al., 2014). The content of neutral 
detergent fibre (NDF) and acid detergent fibre (ADF) range from 154 to 308 and from 114 
to 251 g/kg DM (Dube et al., 2001). The utilization of Vachellia leaf meal in feeding 
livestock is limited by its polyphenolic compounds such as proanthocyanidins (Dube et 
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al., 2001). Vachellia tortilis leaves contain 51.5 g/kg DM of proanthocyanidins (Khanyile 
et al., 2014). Proanthocyananidins have been reported to act as natural antioxidants in 
meat (Mapiye et al., 2011). Antioxidants are chemical compounds that are capable of 
donating hydrogen to the free radicals to minimize rancidity and retard lipid peroxidation 
without damage to the sensory or nutritional properties of meat products (Luhucky et al., 
2010). 
 
2.3 Antioxidant potential of Vachellia leaf meal 
Pork provides high quality protein, vitamins, minerals and fat and contributes significantly 
in the alleviation of malnutrition in the tropical areas (Qwele et al., 2013). The inherent of 
antioxidants in meat are very low raising serious concerns of safety and shelf life (Kumar 
et al., 2013). Recently reports on the negative effect of synthetic antioxidant such as 
butylated hydroxyanisole, butylated hydroxytoluene and tertiary butyl hydroquinone in 
human heathy (Karakaya et al., 2011), make it imperative to assess the antioxidant 
potential of non-conventional feed stuffs. This has prompted nutritionists to find alternative 
natural antioxidants. Various legumes are a rich source of flavonoids besides being good 
sources of protein, carbohydrates, vitamins and minerals (Kumar et al., 2013). Flavonoids 
are potent natural antioxidants and protect the cells by scavenging and preventing the 
production and initiation of free radicals, superoxide anions and lipid peroxy radicals 
(Amarowicz et al., 2004). Mapiye et al. (2011) reported high antioxidant potency of beef 
from steers supplemented with V. karroo. The information on the antioxidant activity of V. 
tortilis leaves is scarcely documented. Most of work has focused on the quantification of 
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ant-nutrients such as condensed tannins and total phenolics. The concentrations of total 
phenolics are given in Table 2.1. Antioxidant activity of the plant extracts can be 
determined using various assays which includes, the ferric reducing antioxidant power 
(FRAP) assay, DPPH (2, 2-diphenyl-1-picryhydrazyl), radical scavenging assay and the 
















Table 2.1: Chemical composition and mineral concentration of Vachellia tortilis 
leaves 
 
Parameter Content (g/kg) 
Dry matter 944 
Neutral detergent fibre 494 
Crude protein 218 
Acid detergent fibre  145 
Ash 65.0 
Condensed tannins 51.5 
Ether extract 40.1 
NeutralNo table of figures entries found. 
detergent insoluble nitrogen 
27.4 
Acid detergent insoluble nitrogen 18.3 
Water holding capacity 6.06 






Iron (mg/kg DM) 178 
Manganese (mg/kg DM) 2.0135.0 
Zinc (mg/kg DM) 19.01 
Copper (mg/kg DM) 2.01 
Total extractable phenolics 241 
Total extractable tannins 226 
Total condensed tannins 51.5-77.8 
Soluble condensed tannins 18.9 




2.4 Fatty composition of Vachellia leaf meal 
Dietary fatty acids are absorbed directly and unchanged from the intestine of non-
ruminant and deposited in the muscle (Enser et al., 2000; Nguyen et al., 2005). It is 
imperative to assess the fatty acid profile of V. tortilis leaf meal. Srivastav and Kumar 
(2013) reported that, in the Vachellia tortilis seed oil, linolenic acid (50.4 %) was the 
maximum, followed by linoleic acid (36.8 %), Palmitic acid (6.4 %), Oleic acid (4.0 %) and 
stearic acid (0.6 %). The content of linoleic acid in seed is similar to soya bean, sunflower 
and vegetable oils having specified co-dex standard range of 48 - 55 %, 48 - 74 % and 
68 - 73 %, respectively (Srivastav and Kumar, 2013). Few, if any, information is available 
on the fatty acid composition of Vachellia tortilis leaves. 
2.5 Utilization of Vachellia leaf meal as an ingredient in pig feeds 
Feed deficit is the major constraint to pig production. The fact that pigs have simple 
stomach like humans make them to compete for grains such as maize and soya beans 
which are staple food for humans. High feed cost in pig production has resulted in 
exploitation of non-conventional feed resources such as Vachellia karroo, V. nilotica and 
V. tortilis leaf meals (Halimani et al., 2005; Khanyile et al., 2014). The choice of species 
largely depends on nutritional composition, anti-nutritional factors and availability. 
Maximum inclusion levels of Vachellia leaf meal in pig’s diet has been reported based on 
growth performance and physiological response of pigs. Few, if any, information is 
available on influence of Vachellia leaf meal of pork quality. It is, therefore, critical that the 
information on the effect of Vachellia leaf meal on pork quality be incorporated when such 
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recommendations are made. It is likely that optimum inclusion levels for growth 
performance may differ from those for optimum pork quality. 
 
2.6 Effect of Vachellia leaf meal on carcass traits  
The use of leaf meal in feeding pigs has been reported by several authors to reduce feed 
intake, average daily gain which consequently lead to lower slaughter weight (Halimani 
et al., 2005; Paiva-Martins et al., 2009; Khanyile et al., 2014). The reduction of growth 
rate and carcass traits has been always associated with high fibre content of leaf meal 
and condensed tannins. Inclusion of V. tortilis leaf in above 150 g/kg DM of feed in 
finishing pig diets has been reported to reduce slaughter weight, cold dressed mass, back 
fat thickness and dressing percentage, respectively (Khanyile et al., 2016). The effect of 
V. tortilis leaf meal on pH (45 min) and ultimate pH has not been studied. Meat pH is 
significantly correlated to attributes such as colour and water-holding capacity (Huff-
Lonergan et al., 2002), which are crucial traits when consumers make purchasing 
decision (Brewer and McKeith, 1999). The reduction in back-fat thickness of pigs fed on 
graded levels of V. tortilis leaf meal warrants further investigation on its effects on fatty 
acid composition of pork. Reduction of fat deposition has been reported to influence fatty 
acid profile of pork (Dugan et al., 2015). 
2.7 Physicochemical properties of pork 




2.7.1 Pork colour 
Colour is one of the most important visual characteristics of meat and has major influence 
on consumer acceptability of the meat product and also purchase decision (Banović et 
al., 2009). The determination of pork colour is done using the commission international 
De I’ Eclairage (CIE) colour system (Commission International De I’ Eclairage, 1976). The 
three fundamental colour coordinates are L*, a* and b*. The L* measures the lightness 
(which is a measure of the light reflected (100 – white, 0 =black), a* is the measure of 
redness of the meat while b* measures the yellowness of meat (Commission International 
De I’ Eclairage, 1976). Hue angle, which describes the fundamental colour of a 
substance, and Chroma, which describes the saturation of a colour, are calculated as tan -
1 (b*/a*) and (a*2+ b*2)0.5, respectively (Minolta, 1993).  
The colour of pork is influenced by intrinsic factors such as breed, genotype, sex, type of 
muscle, diet and extrinsic factors such as pre-slaughter handling and slaughter 
procedure, which significantly decrease pH and ultimate pH (Rosenvold and Andersen, 
2003). Ultimate pH is high correlated to meat colour (Huff-Lonergan et al., 2002). 
Generally, high ultimate pH is associated with darker meat colour and decrease in 
redness (Bidner et al., 2004). Mukumbo et al. (2014) reported a decrease in redness in 
LD muscle from pigs fed on Moringa leaf meal, while Mapiye et al. (2010) reported an 
increase in redness (a*) of meat from Nguni cattle supplemented with V. karroo leaf meal. 








Table 2. 1: Ranges of values of some pork quality characteristics as 
reported in literature 
 
Pork quality characteristics Range of values Source 
Lightness (L*) 52 – 58 Van Laack et al., 1994 
Redness (a*) 4.00 - 9.82 Lee et al., 2012 
Yellowness (b*) 0.73 - 5.52 Lee et al., 2012 
pH 5.4 – 6.8 Lawrie, 1991; de Vries and Van 
der Wal, 1992; Lee et al., 2012 
Ultimate pH 5.40 - 6.52 Lee et al., 2012 
Cooking loss (%) 20.48 – 44.68 Bertram et al., 2003;  
Warner Bratzler Shear Force 
(N) 
47.7 De Smet et al., 1998 
Moisture (%) 72.7 – 75 Kim, et al., 2006 
Protein content (%) 21.2 – 24.1 Jacyno et al., 2006; Kim et al., 
2008 




Moisture is one of the important quality characteristic in meat and can be measured 
in several methods which include, drip loss, thaw loss, cooking loss, water binding 
capacity and total moisture content (Leygonie et al., 2012). Moisture loss in meat 
is influenced by several factors such as decrease in pH, the loss of adenosine 
triphosphate (ATP) and shrinkage of the myofibrils as a result of rigor mortis (Huff-
Lonergan and Lonergan, 2005). 
2.7.3 Ultimate pH 
 
Ultimate pH is responsible for 79 % of the variation in colour, 57 % of variation in 
drip loss, and 77 % of the variation in purge loss (Bidner et al., 2004). Generally, 
higher pH pork will have superior quality compared to lower pH pork. Yet, pH can 
have a dramatic effect on shelf-life from both a microbiological and color stability 
perspective (Holmer et al., 2009). It is generally known that pH affects the 
freshness, water-holding capacity, and color of muscle (Zhu et al., 2011). The pH 
decline and ultimate pH has a strong influence on pork quality in terms of colour 
and water holding capacity (Huff-Lonergan et al., 2002). Generally, higher pH pork 
is associated with superior quality compared to lower pH pork (Holmer et al., 2009).  
There are three categories of meat quality, the first one being dark, firm dry (DFD); 
pale, soft, exudative (PSE) and reddish, firm, non-exudative (RFN). Kim et al. 
(2006) demonstrated a decline in ultimate (pH24) of pork from pigs fed on three 
levels of fermented permisimmom shell diets (FPSD). The FPSD contain high level 
of water soluble tannins. The effect of Vachellia tortilis leaf meal diet on Ultimate 




2.7.4 Intramuscular fat  
 
The intramuscular fat (IMF) content plays a pivot role in the acceptability of pork 
because it influences quality traits such as flavour, juiciness, cooking loss and 
shear force of meat (Fisher et al., 2000; Thompson, 2002; Joo et al., 2013). 
Feeding strategies is one of the important factors affecting IMF deposition (Dugan 
et al., 2004; Du et al., 2010), for example the increase of fibre diet has been 
reported to decrease IMF of pork (Paiva-Martins et al., 2009). In most animals, 
adipogenesis start at the visceral fat deposit, followed by subcutaneous and 
intermuscular, lastly intramuscular (Hausman et al., 2009). The IMF deposition is 
positively correlated with general fatness of the body and red muscle fiber but 
negatively correlated with white muscle type (Hwang et al., 2010). The effect of 
Vachellia leaf meal on intramuscular pork has not been studied. 
 
2.7.5 Muscle protein  
Postmortem degradation of muscle protein influences the tenderness and cooking 
loss (Huff Lonergan et al., 2010). Muscle protein degradation is triggered by Low 
and high ultimate pH (Li et al., 2014). Currently, little information is available on the 
effect of Vachellia leaf on muscle protein of pork. 
2.7.6 Tenderness 
Tenderness measurements are intended to mimic the forces produced during 
biting and mastication (Honikol, 1998). Tenderness is the most important eating 
quality attributes, which influences consumer’s perceptions of acceptability of meat 
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product (Holmer et al., 2009). Factors such as connective tissue, type of muscle 
fiber, IMF and extent of proteolysis in rigor muscle influence tenderness of meat 
(Joo et al., 2013). Meat tenderness is measured using a Warner-Bratzler shear 
force (WBSF).  The force in Newton (N) required to shear block of meat 
perpendicular to its grain of the muscle fiber is determined using an Instron 
Universal Testing Machine fitted with a Warner-Bratzler shearing device. 
 
2.8 Fatty acid composition of pork 
 
Fatty acids have significantly important role in the nutritive value of meat. Essential 
unsaturated fatty acids, such as linoleic (C18:2), linolenic (C18:3) and arachidonic are 
necessary constituents for mitochondria and cell walls (Wood et al., 2003). Fatty 
acid composition of pork can be altered through feeding management strategies. 
Reference values of fatty acid composition of pork from clinical healthy pigs are 
shown in Table 2.3. Nutritional guidelines recommend reducing fat intake in 
humans, especially SFA, and minimizing the intake of n-6 fatty acids relative to n-
3 fatty acids (Department of Health, 1994).  The imbalance in the n-6 to n-3 ratio 
has been associated with numerous diseases, from cardiovascular and 
inflammatory diseases to diabetes and autoimmune disorders (Dugan et al., 2015). 
The minimum recommended PUFA/SFA ration is 0.4 and the n-6/n-3 ratio is 4:1 
(Wood et al., 2003). The equations proposed by Ulbricht and Southgate (1991) for 
the atherogenic and thrombogenic indices indicate that the C12:0, C14:0, and 
C16:0 FA is atherogenic and that C14:0, C16:0, and C18:0 are thrombogenic.  
Atherogenicity is defined as formation of atheromatous deposits, especially on the 
  
18 
innermost layer of arterial walls (Véniant et al., 2000). Thrombogenicity refers to 
the tendency of a material in contact with the blood to produce a thrombus, or clot 
(Mackman, 2008). The atherogenic index and the thrombogenic indexes are 
calculated to assess the risk of atherosclerosis (Del Nobile et al., 2009; Enser et 
al., 2000). Atherogenic and thrombogenic indices are calculated using the 
formulae proposed by Ulbricht and Southgate (1991) as follow: 
S: P = (C14:0 + C16:0 + C18:0) /ΣMUFA + ΣPUFA; AI = (C12:0 + 4 × C14:0 + 
C16:0)/ [ΣMUFA + Σ(n-6) + Σ(n-3)]; TI = (C14:0 + C16:0 + C18:0)/ [0.5 × ΣMUFA 
+ 0.5 × Σ(n-6) + 3 × Σ(n-3) + Σ(n-3)/Σ(n-6)]; where MUFA = monounsaturated FA; 
PUFA = polyunsaturated FA. Pigs have general higher proportions of the major 
polyunsaturated fatty acid (PUFA) linoleic acid (18:2n - 6) in both tissues than 
cattle and sheep (Wood et al., 2008). Saturated and monounsaturated fatty acids 
in pigs are synthesized de novo and, are not easily influenced by diet compared to 
polyunsaturated fatty acids, linoleic (18:2, n-6) and α-linolenic (18:3, n-3), which 
cannot be synthesized (Doreau et al.,1997; Enser et al., 2000; Teye et al., 2006). 
The acceptable firmness of pork fat is achieved when it contains 12 to 15 % linoleic 
acid and more than 41 % saturated fatty acids (Hugo and Roodt, 2007).  
 
The effect of Vachellia leaf meal on fatty acid composition, atherogenic and 
thrombogenic indices of pork has not been documented. The leaves of Vachellia 
species have high concentration of polyphenols (Dube et al., 2001; Halimani et al., 
2007; Khanyile et al., 2014). Polyphenolic compounds have advantages of 
increasing conjugated linoleic acid concentrations in beef and yield meat of lighter 
  
19 
colour (Mapiye, et al., 2011; Patra and Saxena, 2011). Feeding Vachellia leave in 
pigs may directly influence n-3 fatty acids in pork since forages are reported as a 
dietary source of n-3 fatty acid to animals (Aurousseau et al., 2004). In contrast to 
ruminants, fatty acids in pigs are not metabolized to any great extent by microbes 


























Table 2. 2 Reference values of fatty acid composition of pork 
from clinical healthy pigs 
 
 
Fatty acid Mg/100g 
C12:0 (lauric) 2.6 
C14:0 (myristic) 30 
C16:0 (palmitic) 526 
C18:0 (stearic) 278 
C18:1 (trans) - 
C18:1 (oleic) 759 
C18:2 n-6 (linoleic) 302 
C18:3 n-3 (α-linolenic) 21 
C20:3 n-6 (lauric) 7 
C20:4 n-6 (arachidonic) 46 
C20:5 n-3 (eicosopentaenoic) 6 
C22:5 n-3 (docosopentaenoic) 13 
C22:6 n-3 (docosohexaenoic) 8 
P:S 0.58 
n-6:n-3 7.22 






2.9 Summary of literature review 
 
Pig production has the potential to contribute positively through supply of protein 
and income in the tropics. Pig production is limited by shortages of quality feed 
and competition of ingredients such as grain seeds. Feed shortage is projected to 
increase with the increase in human population. Vachellia leaf meal utilization in 
feeding pigs is expected to reduce feed cost and improve pork quality. The effects 
of Vachellia leaf meal on pork quality need to be characterized. The broad 
objective of the current study was, therefore, to determine the effect of Vachellia 
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Chapter 3: Protein-precipitating capacity and antioxidant activity 




Mathanolic extracts from the leaves of Vachellia xanthophloe, V. robusta, V. tortilis, 
V. nilotica and V. nigrescens were compared for their protein precipitating capacity 
and antioxidant activities. Vachellia tortilis leaves exhibited high phenolic content 
with a correspondingly high protein precipitating capacity. Total phenolics ranged 
from 1.7 x 10-8 mg/mg to 5.89 x 10-7 mg/mg. Vachellia tortilis and V. xanthophloe 
exhibited high protein precipitating capacity (54.2 and 52.0 %, respectively). The 
lowest protein precipitating capacity was recorded for V. nilotica (9.2 %). The 
concentration of an antioxidant which induces a response halfway between the 
baseline and maximum after a specified exposure time (EC50) values of the 
extracts in the 2, 2-diphenyl-1-picryhydrazyl (DPPH) free radical scavenging assay 
ranged from 0.570 µg/ml to 0.762 µg/ml, compared to 0.481 µg/ml for ascorbic 
acid. A dose-depended curvilinear response was obtained for V. xanthophloe, V. 
robusta, V. tortilis and V. nigrescens in the ferric-reducing power assay. All 
extracts, except V. tortilis exhibited high antioxidant activity (81.6 to 90.7 %) 
comparable to butylated hydroxytoluene (BTH) (94.8 %) based on the rate of β-
carotene bleaching. The oxidation rate ratio (ORR) values of these extracts (0.09 
to 0.18) were also comparable to that of BTH (0.08). Results of the study showed 
that Vachellia leaf meals have high antioxidant potency which may improve colour 
stability and retard lipid oxidation in meat. 




Keywords: β-carotene-linoleic acid; extracts; Ferric Reducing Antioxidant Power; 




The presence of polyphenolic compounds in the leaf meal has always been viewed 
as the limiting factor hindering the potential utilization of Vachellia leaf meal in 
feeding livestock (Dube et al., 2001; Hlatini et al., 2016). Phenolic compounds such 
as proanthocyanidins are capable of binding proteins, thereby making them 
unavailable for digestion and absorption. Poor feed efficiency and low body weight 
gain in pigs and chickens fed on Vachellia leaf meal has been ascribed to the 
adverse effects of polyphenolics. Proanthocyanidins can precipitate protein but 
there is very little understanding as to the extent to which each species can 
precipitate protein. Information on the protein precipitating capacity assists feed 
compounders and nutritionists during diet formulation. If meat quality and safety is 
a concern than growth, moderate intake of phenols can enhance meat quality 
thereby serving as natural antioxidants (Mapiye et al., 2011).  
 
Antioxidants play a major role in prevention of lipid oxidation in meat products 
(Shahidi and Wanasundara, 1992). Synthetic antioxidants such as tert-
butylhydroxytoluene, tert-butylhydroxyanisole, and tert-butylhydroquinone are 
widely used to reduce or delay lipid oxidation in foods (Amarowicz et al., 2004). In 
the past two decades, there has been growing concern over the use of synthetic 
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antioxidants due to their toxicological concerns (Rababah et al., 2004; Moyo et al., 
2010) and this has discouraged the use of synthetic antioxidants (Hayes et al., 
2010) and prompted researchers to explore potent natural antioxidants (Mapiye et 
al., 2011).  
 
One area where natural anti-oxidants have a huge potential for use is in meat 
production. Incorporating plants that contain antioxidants in livestock diets has the 
potential to retard lipid oxidation, microbial growth (Djenane et al., 2003) and 
improve colour stability (Zinoviadou et al., 2009), thus, increasing the shelf life of 
meat. It increases the quality and shelf life of meat and thus accepted by 
consumers at the point of purchase (Arnold et al., 1992). Vachellia leaf meal has 
been widely used in feeding livestock in the tropics due to feed shortages and in 
reducing costs. Vachellia leaf meal is reported to have high levels of phenolic 
compounds (Abdulrazak et al., 2000; Dube et al., 2001; Khanyile et al., 2014), 
which possesses natural antioxidant (Mapiye et al., 2011,). Vachellia species are 
commonly used for fencing and as a fire wood (Mapiye et al., 2010). They are also 
used for medicinal purposes (Ali et al., 2012). For example, V. nilotica has been 
used for treatment of cancer, cold, cough, diarrhoea, dysentery, fever, gall bladder 
infections, haemorrhoid, ophthalmia, sclerosis, small pox, tuberculosis, leprosy, 
bleeding piles, leucoderma and menstrual abnormalities (Gowri et al., 2011). 
 
The choice of species to use in livestock feed largely depend on protein 
composition and proanthocyanidins content and more often the species with high 
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protein and low proanthocyanidins content is most preferred, often overlooking the 
antioxidant potency of these species. The antioxidation benefits from the leaf meal 
could be passed to meat and meat product to enhance quality. Few reports could 
be found on protein binding capacity and antioxidant potential of Vachellia 
xanthophloe, V. robusta, V. tortilis, V. nilotica and V. nigrescens leaves. The 
objective of the current study was, therefore, to compare the protein binding 
capacity and antioxidant potential of Vachellia xanthophloe, V. robusta, V. tortilis, 
V. nilotica and V. nigrescens leaves. It was hypothesized that phenolic 








Bovine serum albumin, sodium dodecyl sulphate (SDS), SDS-triethanolamine 
solution, methanol, 7% (v/v) triethanolamine, ferric chloride reagent, gallic acid, 2, 
2-diphenyl-1-picryhydrazyl (DPPH), ascorbic acid, butylated hydroxyethylene 
(BHT) were obtained from BDH chemicals Ltd. (Poole England). Potassium 
phosphate, potassium ferricyanide, trichloroacetic acid, β-carotene, chloroform, 
linoleic acid and Tween 20 were obtained from BDH chemicals Ltd. (Poole 




3.2.2 Study site and harvesting of leaves 
 
Eight trees of each Vachellia species leaves (V. tortilis, V. robusta, V. nilotica, V. 
nigrescens and V. xanthophloea) were harvested at Makhathini Research Station, 
Jozini, KwaZulu-Natal Province, South Africa, in the post- rainy season (April, 
2016). The study site has a latitude of S27º 23´ 42 45 and a longitude E32º 10´ 48 
48. The mean annual rainfall for the area is between 588 and 635 mm. The 
maximum temperature is 32 ºC while minimum temperature is 10ºC. Freshly 
collected leaves were washed thoroughly under a running tap of water, and dried 
at room temperature (25 ºC) for 4 days under shade. Leaves were separately 
ground into fine powders through a 1mm sieve screen and stored in sealed 
polyethylene bags at ambient conditions until further analyses. 
 
3.2.3 Sample extraction 
 
Five grams of powdered Vachellia leaf samples from each of the eight trees of the 
same species were pooled as unique samples and extracted using 50 mL of 50 % 
aqueous methanol (v/v) in a sonication bath for 1 hour. These extracts were filtered 
under vacuum using Whitman’s No. 1 filter paper and concentrated under vacuum 
using a rotary evaporator at 35 ºC before being completely dried under a stream 
of cold air.  





The determination of the protein-precipitating capacity of the phenolics in the 50 % 
aqueous methanol extracts was determined according to Makkar (1999).  
 
Briefly, to 2 ml of bovine serum albumin (BSA) solution (1 mg BSA/ml in acetate), 
increasing concentrations of 50 % aqueous methanol extracts (0.95, 0.90, 0.85, 
0.80, 0.75, 0.70 ml) were added and the total volume made up to 3 ml with 50 % 
aqueous methanol in triplicates in centrifuge tubes. These contents were then 
vortexed and kept at 4 ºC overnight in a refrigerated centrifuge. After 16 h of 
incubation, tubes were centrifuged at 3000 g for about 10 min and the supernatant 
carefully removed without disturbing the precipitate. To the supernatant, 1.5 ml of 
1 % (w/v) sodium dodecyl sulphate (SDS) solution was added and vortexed until 
dissolved completely. 
 
Aliquots (1 ml) of dissolved phenolic-protein complex were transferred into clean 
sets of test tubes in which 3 ml of SDS-triethanolamine solution [1 % SDS (w/v) 
and 7 % (v/v) triethanolamine in distilled water] were added, followed by 1 ml ferric 
chloride reagent (0.01 M ferric chloride in 0.1 M HCL). Absorbance readings were 
taken at 510 nm using a UV- visible spectrophotometer after 30 min incubation 
period at room temperature. Obtained readings were converted to gallic acid 
equivalents, using a gallic acid as the standard curve.  
 
Different aliquots of the extracts were made up to 1 ml with 1 % of SDS, and 3ml 
of the SDS- triethanolamine solution were added, followed by 1m of ferric chloride 
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reagent. After incubation at room temperature for 30 min, the absorbance at 510 
nm was obtained as described above. A linear regression curve between phenolic 
acid equivalents and mg sample (in the aliquot taken) was drawn using Graph Pad 
Prism version 6 software. The percentage of total phenolics which can precipitate 
protein was calculated using the formula: 
 (x/y) x100). 
X and y are variables describing the ratio betweenphenolics precipitating and the 
weight of plant sample of the curve (mg phenolics precipitated/mg plant samples) 
representing the protein precipitating and total phenolics in the sample 
respectively. 
 
3.2.5 Determination of antioxidant activity of Vachellia leaves 
 
Antioxidant activities were assessed using three models. The radical scavenging, 
ferric reducing antioxidant power (FRAP) assay and the β-carotene-linoleic acid 
assays were used.  
 
3.2.5.1 Radical scavenging assay 
 
Free radical scavenging activity was measured using the method described by 
Karioti et al. (2004). Fifteen microliters of each plant extract was diluted using 
methanol (735 µl) and then added to a methanolic DPPH solution (750 µl, 0.1 mM) 
to give a final volume of 1.5 ml in the reaction mixture. The concentration of 2, 2-
diphenyl-1-picryhydrazyl (DPPH) in the final reaction was 50 µM. The DPPH 
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solution was prepared freshly before the assay. The stock solution of leaf extract 
consisted of a range of concentrations of (0.065, 0.26, 0.52, 1.04, 6.25, 12.5 and 
50 mg/ml, giving final reaction mixture concentrations of 0.65, 2.6, 5.2, 10.4, 65, 
125, 250 and 500 µg/ml, respectively). The reaction mixtures were prepared under 
dim light and incubated at room temperature for 30 min in the dim light. Decrease 
in the purple colouration of the reaction mixtures was measured using a 
spectrophotometer at 517 nm. The absorbance measurements were done in the 
dim light. A standard antioxidant, ascorbic acid (5, 10, 20, 40, 80 µm was used as 
a positive control. A solution with the same chemicals except for the extracts or 
standard antioxidants was used as negative control. Methanol was used to blank 
the spectrophotometer. The absorbance reading of the extracts without DPPH 
were recorded and subtracted from the corresponding readings with DPPH 
(background correction). Each test extract was done in triplicate. The free radical 
scavenging activity (RSA) as determined by the decolouration of the DPPH 
solution was calculated according to the formula, 
% RSA= (1- AE/ AD) x 100 
Where AE is the absorbance of the reaction mixture containing the standard 
antioxidant or extract, and AD is the absorbance of the DPPH solution only. Radical 
scavenging activity (%) was plotted against the extract concentration 
 
3.2.5.2 Ferric reducing antioxidant power (FRAP) assay 
 
The ferric-reducing powers of the Vachellia species leaf extracts were determined 
using the method described by Lim et al. (2009) with slight modifications. A 30 µl 
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volume of each plant extract, ascorbic acid or butylated hydroxytoluene (0.26 
mg/ml) dissolved in methanol was added to a 96-well micro-plate and two-fold 
serially diluted. Subsequently, potassium phosphate buffer (40 µl, 0.2 M, pH 7.2) 
and potassium ferricyanide (40 µl, 1% w/v) were added. The reaction mixtures 
were incubated at 50 ºC for 20 min. Following the incubation period, trichloroacetic 
acid (40 µl, 10 % w/v), distilled water (150 µl) and FeCl3 (30 µl, 0.1 % w/v) were 
added, before incubation at room temperature for 30 min in the dark. Absorbance 
was measured at 630 nm using an ELISA plate reader (Jonfia-Essien et al., 2008). 
The ferric-reducing power capacity of the extracts and standard antioxidants were 
plotted on graph of absorbance against concentration. Samples for the assay were 
prepared in triplicate. 
 
3.2.5.3 β-carotene-linoleic acid assay 
 
The coupled inhibition of β-carotene and linoleic acid oxidation was measured 
according to the method described by Amarowicz et al. (2004) with modifications. 
Dried Vachellia leaves extracts and BHT (positive control) were re-dissolved in 50 
% aqueous methanol to a concentration of 6.25 mg/ml. β-carotene (10 mg) was 
dissolved in 10 ml chloroform in a brown Schott bottle. Excess chloroform was 
evaporated under vacuum, leaving a thin film of β-carotene. Linoleic acid (200 µl) 
and Tween 20 (2 ml) were immediately added to the β-carotene. Aerated distilled 
water (497.8 ml) was added to the mixture, to give a final β-carotene concentration 
of 20 µg/ml. The mixture was further saturated with oxygen by vigorous agitation 
to form an orange-coloured emulsion. The emulsion (4.8 ml) was dispensed into 
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test tubes to which Vachellia leaves extracts or BHT (200 µl, 5 mg/ml) were added, 
giving a final concentration of 250 µg/ml in the assay. Initial absorbance at 470 nm 
(t = 0) for each reaction mixture was measured immediately after adding the 
sample extract or BHT. Absorbance values were then obtained every 30 min for 2 
h, with incubation in a water bath at 50 ºC. A Tween 20 solution was used as a 
blank. The negative control consisted of 50 % aqueous methanol without sample 
extract. The rate of β -carotene bleaching was calculated using the following 
formula: 
 
Rate of β-carotene bleaching = In (At= 0 / At =t) x1/t 
Where At=0 is the absorbance of the emulsion at 0 min; and At = t is the absorbance 
at time, t (30, 60, 90 min). The average rate of β -carotene bleaching was then 
calculated based on rates at 30, 60 and 90 min. The calculated average rates were 
used to determine the antioxidant activity (ANT) of the sample extracts, and 
expressed as percentage inhibition of the rate of β -carotene bleaching using the 
formula: 
% ANT = (Rcontrol – Rsample) / Rsample x100 
Where Rcontrol and Rsample represent the respective average β -carotene bleaching 
rates for the negative control and plant extracts. Antioxidant activity was further 
expressed as the oxidation rate ratio (ORR) based on the equation: 
 




Antioxidant activity (AA) was calculated as described by Braca et al. (2003), based 
on the inhibition of coupled oxidation of b-carotene and linoleic acid against the 
negative control at t = 60 min and t = 120 min using the formula: 
% AA= [1- (A0 – At)]/ (A00 –A0t) x 100 
Where, A0 is the absorbance of the test extract 
At, absorbance of test extracts at t = 60 and 120 min 
A00, absorbance of negative control at t = 0 
A0t, absorbance of negative control at t = 60 and 120 min, respectively. 
 
3.2.6 Statistical analyses 
 
Data on total phenolic, protein precipitating activity and antioxidant capacity of the 
Vachellia leaf extracts were analysed using the General Linear Model (GLM) 
procedure of SAS (2008) that accounted for the effect of species. Pair-wise 
comparison of means was performed using the PDIFF option (SAS, 2008). 
Differences among means were considered significant when P < 0.05. A linear 
regression curve between phenolics precipitated as gallic acid equivalents and mg 
dry plant samples (in aliquot taken for the assay) was plotted using Graph Pad 
Prism V6 (Graph Pad Prism® software incl. La Jolla, CA, USA). The slope of the 
curve (mg phenolics precipitated/mg leaf samples = x) represented the protein- 
precipitating phenolics in each sample (Makkar, 1999). The EC50 values, 
representing the amount of extract required to decrease the absorbance of DPPH 
by 50% were calculated from the logarithmic non-linear regression curve derived 





3.3.1 Protein precipitating activity 
 
Total phenolic and protein precipitating activity of V. xanthophloe, V. robusta, V. 
tortilis, V. nilotica and V. nigrescens leaf extracts are shown in Table 3.1. There 
were significant differences (P <0.05) in total phenolics among leaves of Vachellia 
species. Vachellia Xanthophloe and V. nigrescens had high concentration of total 
phenolics, while the lowest concentration was recorded for V. nilotica.  
Interestingly, the protein precipitating phenolics showed a similar trend to that of 
total phenolics. The highest concentration of protein precipitating phenolics was 
recorded for V. xanthophloe and V. nigrescens. Lowest concentration was noted 
for V. nilotica. 
  
There were significant differences (P < 0.05) in protein precipitating activity among 
leaves of Vachellia species. Protein precipitating capacity ranged from 9 to 54 %. 
Vachellia tortilis and V. xanthophloe had the highest (P < 0.05) percentage of 
protein precipitating capacity while the lowest (P< 0.05) percentage was recorded 
for V. nilotica  
 
3.3.2 Ferric Ion reducing antioxidant power 
 
Figure 1 depicts the ferric reducing power of V. xanthophloe, V. robusta, V. tortilis, 
V. nilotica and V. nigrescens leaf extracts. The reducing power of the Vachellia 
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leaf extracts increased with increasing concentration of these extracts. Vachellia 
nigrescens demonstrated significantly (P < 0.05) higher reducing power, while 
least reducing power was recorded from V. nilotica. The reducing power of V. 
nigrescens, V. xanthophloea and V. robusta was consistently high (P < 0.05) to 
that of BHT at all concentrations tested. Vachellia tortilis also showed high (P < 
0.05) reducing power over BHT in lower concentration, however, beyond 0.4 
mg/ml, BHT showed higher (P < 0.05) reducing power to that of V. tortilis. Vachellia 






















Table 3.1: Total phenolic and protein precipitating activity of Vachellia leaf 
extracts 
 
Species PPP (x) ≠ TP (y)* PPC (%) 
V. xanthophloe 2.16 x10-3 ± 1.22 x104c 4.18 x10-3 ± 4.11 x10-4b 52.0 ± 2.20d 
V. robusta 9.39 x10-4 ± 1.1 x 10-5b 3 x10-3 ± 2.11 x10-4a 31.32 ± 1.30b 
V. tortilis 9.19 x10-4 ± 4.9 x10-5b 1.7 x10-3 ± 8.1 x10-5a 54.2 ± 0.32d 
V. nilotica 8.8 x10-5 ± 4 x10-6a 9.61 x10-4 ± 1 x10-6a 9.2 ± 0.43a 
V. nigrescens 2.12 x10-3 ± 1.2 x10-5c 5.89 x10-3 ± 2.38 x10-4b 36.1 ± 1.66c 
PPP: Protein-precipitating phenolics (mg phenolics precipitated/ mg leaf extract); 
TP (mg phenolics precipitated/ mg leaf extract): Total phenolics (mg phenolics 
precipitated/ mg leaf extract); PPC: Protein precipitating capacity; abc Different 
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Figure 3.1: Antioxidant activity of Vachellia leaves extracts as assessed by 





















3.3.3 β-carotene-linoleic acid  
The antioxidant activity calculated based on the average rate of β-carotene 
bleaching ranged from 72.3 to 90.7 % (Table 3.2). The highest potency in the assay 
was recorded for V. robusta, while the lowest potency was recorded for V. tortilis. 
For the oxidation rate ratio (ORR), all extracts except V. tortilis were not 
significantly different (P > 0.05) to that of the control (BHT). The ORR of the 
extracts ranged from 0.09 ± 0.04 to 0.28 ± 0.00. The highest ORR was recorded 
for V. robusta while the lowest ORR was recorded for V. tortilis. Lower oxidation 
rate ratio (ORR) values, like EC50 values, denote better antioxidant potential. 
Based on ORR, the order of antioxidant capacity with respect to the protection of 
β-carotene against bleaching was as follows; V. robusta > V. nigrescens > V. 
xanthophloea > V. nilotica > V. tortilis (P< 0.05).  
 
3.4.4 Radical scavenging activity 
The concentration of Vachellia leaves extracts required to decrease DPPH by 50 
% is shown in Figure 3.2. There was a significant difference (P < 0.05) in DPPH 
radical scavenging activity among the Vachellia species. The DPPH radical 
scavenging activity of Vachellia leaf extracts ranged from 0.570 to 0.762 µg/ml.  
Vachellia tortilis demonstrated high (P < 0.05) scavenging activity, while Vachellia 
robusta exhibited the lowest (P < 0.05) scavenging activity.  Radical scavenging 
activities of V. xanthophloe, V. tortilis and V. nigrescens leaf extracts are 
comparable (P > 0.05) to that of ascorbic acid. Radical scavenging activities of V. 
robusta and V. nilotica were significantly lower (P <0.05) to that of ascorbic acid. 
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Table 3.2: Antioxidant activity of Vachellia xanthophloe, V. robusta, V. 
tortilis, V. nilotica and V. nigrescens as assessed by the coupled oxidation 
of β-carotene-linoleic acid  
 
Vachellia β-carotene-linoleic acid 
 ANT (%)  ORR 
V. xanthophloe 87.94 ± 4.80bc 0.14 ± 0.04ab 
V. robusta 90.70 ± 4.03c 0.09 ± 0.04a 
V. tortilis 72.25 ± 0.37a 0.28 ± 0.00c 
V. nilotica 81.57 ± 3.47b 0.18 ± 0.03b 
V. nigrescens 87.36 ± 0.65bc 0.13 ± 0.01ab 
BTH 94.83 ± 3.29bc 0.08 ± 0.03ab 
 
ANT (%) = antioxidant capacity; BHT= butylated hydroxytoluene ORR= oxidation 
rate ratio; abc Different letters in the same column represent significantly different 
































































Although Vachellia leaf meal has been reported for its higher nutritious composition 
and as a possible substitute for grains seed in pig’s diets, little if any, scientific 
information is available on protein precipitating capacity and antioxidant activity of 
this leaf meal. The differences in protein-precipitating phenolics concentration 
among Vachellia extracts could be ascribed to the differences in both quality and 
quantity phenolic compounds present in each species. Classes of phenolic 
compounds present in plant leaves includes among others flavonoids, 
hydrolysable tannins and proanthocyanidins often referred to condensed tannins 
(CT). Proanthocyanidins form complexes with plant proteins thereby making them 
unavailable for digestion and absorption in livestock (Makkar, 2003). Khanyile et 
al. (2014) reported differences in concentrations of proanthocyanidins in similar 
Vachellia leaves species tested in the current study. It has been reported that pigs 
produce salivary proline rich protein to cope with tanniferous diet, however, 
damages in liver and mucosal lining in the small intestines has been reported when 
the leaf meal exceed 130 g/kg DM (Halimani et al., 2005; Khanyile et al., 2016). 
  
Differences in total phenolic composition in Vachellia species in the current study 
could be as a result of genetic differences among species. A similar observation 
was also reported in the results of Dube et al. (2001) and Abdulrazak et al. (2000) 
who reported different concentrations of total phenolics in different Vachellia 
species. The total phenolic content of the leaves is affected by plant species, 
genotype, environment and stage of plant growth (Foley et al., 1999). Despite the 
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negative effect of phenolics in animal nutrition, recently there has been growing 
interest on the natural antioxidant effect of phenolic compounds. Phenolic 
compounds have been reported to improve colour stability and retard lipid 
oxidation in meat (Mapiye et al., 2011; Qwele et al., 2014) and it is reported that 
proanthocyanidins have a high anti-oxidant activity compared to other phenolic 
compounds (Krishnaiah, et al., 2009). 
 
The differences in protein precipitating capacity of Vachellia leaf meal in the current 
study could be due to the differences in total phenolic composition. Interestingly, 
V. tortilis exhibited low total phenolic content but high protein precipitating capacity, 
a phenomenon that points to the quality (class composition of phenolics) as being 
one of the major determinant factors in the protein binding capability of extracts.  
Although different phenolic compounds were not characterized in this study, based 
on the results obtained, it can be speculated that protein precipitating capacity 
could have been influenced by type of phenolic compounds. The protein 
precipitating capacity of Vachellia extracts obtained in this study provide an 
important basis and decision guiding principle on the consideration of the inclusion 
levels in pig diets. Recently, studies have revealed that Vachellia leaf meal should 
range between 100 – 130g/kg DM in growing pig diets (Halimani et al., 2005; 
Khanyile et al., 2014).  
 
Vachellia leaf extracts were assessed for their ability to reduce the F3+/ ferricyanide 
complex to the ferrous (F2+) form. In this assay, yellow colour of the test solution 
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changes to various shades of green and blue depending upon the reducing power 
of each extract. The current study showed that Vachellia leaves extracts were able 
to reduce the F3+/ ferricyanide to ferrous (F2+) form. The differences in ferric-
reducing power observed among extracts could be ascribed to the differences in 
total phenolic concentration observed in Vachellia leaf extracts. For example, V. 
xanthophloe, V. robusta and V. nigrescens had high phenolic concentration, 
consequently exhibiting high capacity to act as electron donors, indicating their 
potential to react with free radicals, thus increasing the antioxidant potency 
(Amarowicz et al., 2004). Moyo, Ndhlala et al. (2010) also indicated a direct 
relationship between reducing power effects of plant extracts and the content of 
phenolic compounds. High concentration of phenolic compounds exhibited by 
Vachellia extracts in this study suggest that they are potential sources of 
antioxidant (Jonfia-Essien et al., 2008).  
 
The β-carotene-linoleic acid assay measures the ability of a plant extract to prevent 
or minimize the coupled oxidation of β -carotene and linoleic acid in an emulsified 
aqueous system (Pajero et al., 2002). In this model, β –carotene undergoes rapid 
discolouration in the absence of an antioxidant. During oxidation, an atom of 
hydrogen is abstracted from the active bis-allylic methylene group of linoleic acid 
located on carbon-11 between two double bonds (Frankel, 1998). The pentadienyl 
free radical so formed then attacks highly unsaturated β –carotene molecules in 
an effort to reacquire a hydrogen atom. As the β –carotene molecules lose their 




Presence of a phenolic antioxidant can prevent the extent of β –carotene 
destruction by neutralizing the linoleate free radical and any other free radicals 
formed within the system (Amarowicz et al., 2004).  Based on the phenolic 
concentration of extracts in the current study, by direct translation, one would have 
expected that V. robusta, V. xanthophloe and V. nigrescens exhibit high 
percentage of antioxidant and lower ORR. Interestingly, however, V. nilotica had 
lower concentration of total phenols in this study but exhibited comparable 
percentage of antioxidant and ORR value to those of V. robusta, V. xanthophloe 
and V. nigrescens. Different phenolic compounds show different colorimetric 
responses and that the molecular antioxidant response of phenolic compounds to 
a lipid substrate varies remarkably depending on chemical structure and oxidation 
conditions (Amarowicz and Shahidi, 1995). Despite these differences in 
antioxidant percentages and ORR values among the Vachellia extracts, results of 
the current study show that Vachellia leaf meal can be exploited as natural 
antioxidant in pork. 
  
The effect of antioxidants on DPPH is due to their hydrogen donating ability (Karioti 
et al., 2004). The purple colour of the freshly prepared DPPH solution fades when 
an antioxidant compound is present in the test solution to quench DPPH. The 
antioxidant molecule provides a hydrogen atom or donates an electron to DPPH 
(Amarowicz et al., 2004). The fact that DPPH radical scavenging abilities of V. 
tortilis, V. xanthophloe and V. nigrescens extracts were comparable to that of 
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ascorbic acid positions these extracts as potential antioxidant in pg diets. Phenolic 
compounds originating from plant extracts possess antioxidant activity (Amarowicz 
et al. 2009). Pajero et al. (2002) also demonstrated high correlation (0.91 to 0.99) 
between the total phenolic content and three method of scavenging activity. 
Vachellia leaves extracts showed a propensity in quenching DPPH free radicals. 
Radical scavenging activity of extracts is also associated with lipid content in 
leaves (Iqbal et al., 2012). Species with high lipid content possess high levels of 
ascorbic acid (Iqbal et al., 2012). Khanyile et al. (2014) reported that Vachellia 
tortilis contained high levels of lipids (40.1g/kg DM) to those of the similar species 
being tested in the current study.  
 
In all three assays, species that exhibited high phenolic compounds and high 
protein precipitating capacity demonstrated high antioxidant potency. For example, 
V. Xanthophloe, V. robusta, V. nigrescens and V. tortilis extracts had high total 
phenolic and high protein precipitating capacity which consequently increases their 
antioxidant potency. Generally, the present study has demonstrated potent 
antioxidant activity of Vachellia leaf meal and thus may be exploited as an 




Vachellia xanthophloe leaf extracts has high antioxidant activity. All other extracts 
were comparable to that of synthetic antioxidant. The choice of species to be used 
will also be influenced by the availability. Vachellia leaf meal could be explored 
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and exploited as a natural source of antioxidant in meat, consequently improving 
colour stability and retarding lipid oxidation. It is worth assessing the relationship 
between graded levels of V. tortilis leaf meal and growth performance and carcass 
characteristics and meat quality in general a sthe the continuation from previous 
work documented else where by Khanyile et al., 2014; Khanyile et al., 2016. 
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Chapter 4: Effect of graded levels of Vachellia tortilis leaf 
meal inclusion on growth performance and carcass 
characteristics of finishing pigs 
 
(Under Review in Tropical Animal Health and Production) 
Abstract 
 
The objective of the current study was to determine the effect of Vachellia tortilis 
leaf meal based diet on growth performance and carcass characteristics of 48 
Large White x Landrace male pigs (8 pigs/treatment), averaging 63 ± 0.93 (SD) kg 
BW), randomly allotted to six diets containing 0, 30, 60, 90, 120 and 150 g/kg DM 
of V. tortilis leaf meal, respectively. Average feed intake (ADFI), average daily gain 
(ADG) and gain: feed (G: F) ratio were recorded weekly. Pigs were slaughtered at 
18 weeks of ageat a commercial abattoir and their carcass characteristics were 
assessed. Overall, ADFI increased linearly (Y= 0.061025x + 2.155240; P < 0.05) 
with inclusion of V. tortilis. There was a linear decrease (P < 0.05) in ADG and G: 
F ratio with increase in V. tortilis inclusion. The ADG and G: F decreased linearly 
(Y = -0.006291x + 0.925080; Y= -0.006299 + 0.414923; P < 0.05) with inclusion 
level of V. tortilis leaf meal. The inclusion of V. tortilis linearly (P < 0.05) decreased 
slaughter weight, warm carcass weight, cold carcass weight, cooler shrink and 
back-fat thickness. Dressing percentage, pH at 45 minutes (pH45) and temperature 
at 45 minutes (temperature45) were not (P > 0.05) affected by V. tortilis inclusion. 
Increasing the inclusion of V. tortilis was accompanied by an increase in the 
negative effect in ADG, G: F, slaughter weight, warm carcass weight, cold weight 
and back-fat thickness.  
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(Under Review in Tropical Animal Health and Production) 
 





In the tropics, pig production contributes significantly in food security and 
household income (Chimonyo et al., 2005). High feed cost and unavailability of 
conventional protein supplements are, however, one of the main constraints to 
efficient pig production (Martens et. al., 2012). It is generally known that feed cost 
constitutes 70% in pig production while maize and soybean meal are the main 
staples in the diet for pigs. In the past decades, progress has been made in an 
attempt to reduce the proportion of maize and soybeans in feeding pigs. Utilization 
of local available non-conventional feed resources, such as Vachellia leaf meals, 
should be considered (Halimani et al., 2007; Khanyile et al., 2014; Ndou et al., 
2015). 
 
Vachellia species are the most common bush encroaching species in the 
communal areas of Southern Africa (Mapiye et al., 2009). Vachellia tortilis leaves 
contain up to 220 g/kg DM of crude protein (CP) and adequate minerals (Dube et 
al., 2001; Khanyile et al., 2014). Despite its nutritious composition, V. tortilis leaves 
contain high level of fibre and polyphenolic compounds (Abdulrazak et al., 2000). 
High fibre and polyphenolic compound levels reduce digestibility of proteins, 
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carbohydrates and lipids (Hansen et al., 2006). Polyphenolic compounds such as 
proanthocyanidins (condensed tannins) bind with nutrients, thereby reducing their 
availability (Makkar, 2003). Proanthocyanidins act as natural antioxidants and 
improve meat colour (Mapiye et al., 2010). 
 
Feeding Vachellia karroo, Vachellia nilotica above 100g/ kg and Vachellia tortilis 
leaf meal above 130 g/kg has been reported to reduce feed intake, average daily 
gain and feed efficiency (Halimani et. al., 2005; Khanyile et al., 2014; Ndou et al., 
2016). To date recommendations on the maximum inclusion levels of Vachellia 
leaf meal in pig diets has been based on growth and healthy aspects of pigs with 
little emphasis on carcass characteristics, pork quality and fatty acid profile. The 
previous studies on the effect of Vachellia leaf meal ignored the influence of lower 
levels on carcass characteristics and pork quality. The study was re-designed 
using lower inclusion levels ranging from 30 to 150g /kg DM to investigate growth 
performance, carcass characteristics and pork quality in general. The augment is 
that lower levels such as 30 and 60 might not significant reduce feed cost but 
greatly improve quality of pork, consequently increasing consumer acceptance of 
pork. Therefore, the objective of the current study was to determine the effect of 
feeding graded levels of V. tortilis leaf meal on growth and carcass characteristics 
of pigs. It was hypothesized that Vachellia tortilis leaf meal could improve growth 
and carcass characteristics in pigs.  
 




The protocol for the experiment was reviewed and approved by the University of 
KwaZulu-Natal ethics committee (AREC/101/015D). 
4.2.1 Study site 
 
The trial was conducted at Ukulinga Research Farm, UKZN, Pietermaritzburg, 
South Africa. The farm is located in a subtropical hinterland at 29º24’E and 30º24’S 
with altitude of 775 m. The climate is characterized by mean annual maximum and 
minimum temperatures of 25.7 and 8.9oC. During the rainy season, there is a mean 
annual rainfall of 735 mm, whilst light to moderate frost occurs in the cool dry 
season. 
 
4.2.2 Diets  
 
Vachellia tortilis leaves were harvested at Makhathini Research Station, Jozini, 
KwaZulu-Natal Province, South Africa, according to the method described by 
Khanyile et al. (2014). Diets were formulated using Winfeed Feed Formulation 
Software to contain similar levels of crude protein and energy (140g/kg DM and 
17MJ/kg). Vachellia tortilis leaf meal was included at a rate of 0, 30, 60, 90, 120 
and 150 kg DM, respectively. All experimental diets were supplemented with 
vitamins and minerals to meet the National Research Council (NRC, 2012) 
recommended specification for finishing pigs. Diets were not supplemented with 
any antibiotics or growth promoters. Ingredient compositions of experimental diets 
are shown in Table 4.1.  




Forty-eight male Large White pigs with a mean body weight of 63.6 ± 0.73 kg 
(mean ± SD) aged 14 weeks were used in a completely randomized design. Each 
pig, representing an experimental unit, were housed in an individual pan with 
slatted floor under control environment and randomly allotted to each of the six 
diets for 32 days of experimental period. Pigs were allowed 10 days of adaptation 
period to the experimental diets. Each pen was fitted with a pre-weighed bin feeder 
(Big Dutchman Lean Machine©, Postfach). Diets were offered adlibitum to pigs and 
they had free access to clean water, which was provided through low pressure 
nipple drinkers fitted opposite to the bin feeder.  
 
4.2.4 Chemical analyses of experimental diets 
 
Samples of experimental diets were oven dried at 60 ºC for 4 days, and finely 
milled through a 1 mm screen in Thomas Wiley Mill Modell 4 (Thomas Scientific; 
Swedesboro, NJ), and thoroughly mixed before analyses. Diets were analyzed for 
dry matter (DM), lipids, crude protein (CP), GE, ash and minerals as described by 
AOAC (2002; method. 942.05). Lipid content of feed was measured by ether 
extraction after acid hydrolysis with HCl using an XT15 fat extractor and HCl 
hydrolysis system (ANKOM Technology, Macedon, NY) according to the method 
described by Lee et al. (1996). Fatty acid content of the V. tortilis leaves and diets 
were determined according to the method described by Folch et al. (1957). Neutral 
detergent fibre (NDF) was analyzed according to Robertson and Van Soest (1977), 
with addition of sodium sulfite and alpha amylase. Acid detergent fibre (ADF) was 
analyzed according to the method described by Goering and Van Soest (1970). 
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Natural detergent fiber and ADF values were expressed without residual ash. 
Condensed tannins were estimated by colorimetrically using the butanol-HCL 
method (Reed et al., 1982). Bulk density (BD) of the experimental diets was 
determined according to the water displacement method described by Peterson 
and Baumgardt (1971). The density of the diet was expressed in g/ml. Water 
holding capacity (WHC, g water/g dry feed) of these feeds was measured using 
modifications of the two methods of centrifugation and filtration described by 
Robertson and Eastwood (1981). 
 
4.2.5 Growth performance  
 
Average daily feed intake (ADFI) was determined by weighing the amount feed 
offered to individual pig and amount of feed left over in the next morning. Pigs were 
weighed weekly to determine growth rate of and average daily gain (ADG) for each 
animal. Feed efficiency which is gain: feed ratio (G: F) for each pig was calculated 
















Table 4.1: Ingredient composition of experimental diets (g/kg 
DM) 
 
Ingredient (g/kg) Diets 
 0 30 60 90 120 150 
Maize 458 432 406 382 357 333 
Wheat bran 356 346 337 326 315 304 
Soybean 46 86 91.2 94.4 101 106 111 
V. tortilis leaves 0 30 60 90 120 150 
Oil-sunflower 60.1 61.1 62.0 62.9 63.8 64.8 
Limestone 20.9 20.4 19.9 19.5 18.9 18.2 
Monocalcium phosphate 9.61 9.9 10.2 10.5 10.8 11.1 
Salt 4.9 5.0 5.02 5.03 5.03 5.05 
≠Vitamin-mineral premix 1.5 1.5 1.5 1.5 1.5 1.5 
L-Lysine-HCL 1.64 1.44 1.24 1.05 0.85 0.65 
Threonine 0.97 0.86 0.75 0.64 0.52 0.4 
Methionine 0.38 0.42 0.46 0.5 0.54 0.58 
 
≠Provides (/kg of DM of diet): vitamin A, 4.8 mg; vitamin D3, 0.09 mg; vitamin E, 50 
mg; vitamin K3 (43%), 1.0 mg; vitamin B1, 1.6 mg; vitamin B2, 2.6 mg; niacin 
(99.5%), 33.6 mg; vitamin B12 , 0.01 mg; vitamin B6 98%, 2.0 mg; choline (chloride 
60%), 121 mg; folic acid (96% pure), 0.48 mg; biotin, 0.18 mg; calcium 
pantothenate (98%), 5.2 mg; zinc balitracin, 90.0 mg; manganese sulphate, 120.0 
mg; zinc, 100 mg; copper, 8 mg; potassium iodide (Iodine 76.45 %), 0.4 mg; cobalt 





4.2.6 Carcass characteristics 
 
At the end of the experimental period of 32 days, all pigs weighing 86 ± 1.03 (Mean 
± SD) were transported to Ambleside abattoir in Winterton, South Africa, KwaZulu-
Natal Province, and 135 km from the experimental station. Each pig was weighed 
to determine slaughter weight (SW).  Pigs were slaughtered after 24 hours of 
fasting period. Only clean water was provided ad libitum. They were electrically 
stunned (300 V for 3 s) with a pair of stunning tongs, shackled by the right leg and 
exsanguinated while hanging. After removal of hairs, carcasses were eviscerated 
and split down the center of the vertebral column before being suspended in the 
air and chilled at 4 °C (1 m/s; 90 % relative humidity) for 2 hours. Carcasses were 
weighed to determine the hot weight and cold weight (CW) 24 hours post mortem. 
The dressing percentage (DP) was determined by expressing the HW as a 
percentage of SW.  Cooler shrink (CS), which is the amount of water lost from a 
carcass in the first 24 to 48 hours after harvest, was calculated using the following 
formula: 
 (1 – (cold carcass weight / hot carcass weight) x100. 
 
4.2.7 Determination of pH, temperature and backfat thickness 
 
Post mortem pH, and temperature at 45 minutes (pH45and temperature45) were 
measured using portable pH meter equipped with a spear tip electrode and an 
automatic thermometer compensator probe (CRISON pH25, CRISON instrument 
SA, Spain). Before pH measurement, the instrument was calibrated with pH 7.0 ± 
0.02 and 4.0 ± 0.02 buffers. The pH meter electrode was rinsed using distilled 
  
68 
water between each measurement to avoid treatment contamination. Back-fat 
thickness was measured using an ultrasound sonography probe at the P2 site as 
described by Gardner et. al. (1990). 
 
4.2.8 Statistical analysis 
 
Statistical analyses for growth performance and carcass characteristics were 
performed using Proc Mixed procedures of Statistical Analysis Systems Institute 
(SAS, 2008). The model incorporated dietary V. tortilis inclusion levels as the main 
effect. The pig was the experimental unit and its initial body weight was used as a 
covariate.  The model used was: 
Yij = µ + Di + Eij 
Yij = response variables (growth performance and carcass characteristics) 
µ = overall mean 
Di = effect of diet (i = 0, 30, 60, 90, 120, 150) 
Eij = residual error. 
The regression model (PROC REG) procedure of SAS (2008) was used to 
determine the relationships between each of performance parameters with 
inclusion level of V. tortilis leaf meal during each week of successive feeding. 
Differences between least-square means were compared using the PDIFF option 










Table 4.2 shows the chemical composition of experimental diets. The total CP 
content ranged from 138 to 148 g/kg, respectively, which meets the protein level 
specified for growing-finishing pigs (NRC, 2012). The level of starch in the diet 
decreased significantly (P < 0.05) with inclusion level of V. tortilis leaf meal. The 
ADF also showed a decreasing (P < 0.05) trend with increase inclusion level of V. 
tortilis leaf meal; however, NDF increase significantly (P< 0.05) with inclusion 
levels of V. tortilis leaf meal. The decreae in ADF could be related to the decrease 
of wheat bran. Wheat bran is the major source of ADF (Lindberg, 2014). Table 4.3 
shows the fatty acid percentages of Vachellia tortilis leaves. Vachellia tortilis leave 
contains 39 % SFA, 3.7 % MUFA and 58 % PUFA, respectively. It was noted that 
the PUFA: SFA was lower (1.5), which is beneficial to human health than that 
recommended by Mapiye et al. (2011). Table 4.4 shows fatty acid percentages of 
the experimental diet. Saturated fatty acid of these diets ranges from 13.6 - 14.0 
%, MUFA, ranges from 24 - 24.5 %. PUFA was consistently across dietary 
treatments (62 %). The inclusion levels of Vachellia tortilis slightly reduce PUFA: 

















Vachellia tortilis inclusion level (g/kg DM) 
0 30 60 90 120 150 
DM (g/kg) 946  935 899 940 897 896 
GE (MJ/kg) 17.6 17.5 17.3 17.3 17.4 17.2 
Ash (g/kg DM) 90 90 90 89 89 86 
CP(g/kg DM) 144 140 142 146 146 148 
EE(g/kg DM) 114 104 109 114 113 116 
Starch (g/kg DM) 318 321 305 274 239 225 
ADF (g/kg DM) 137 136 139 125 125 127 
NDF (g/kg DM) 303 313 321 339 348 356 
Lysine (g/100g DM) 10.3 10.1 10.1 10.5 11.0 10.7 
Threonine(g/100g DM) 7.2 7.2 7.5 8.0 7.5 8.0 
Methionine(g/100g DM) 5.0 4.3 4.5 4.3 4.8 5.0 
CT (mg/kg DM) - 2.3 3.1 5.1 6.6 7.9 
BD(ml/g DM) 1.59 1.47 1.51 1.53 1.47 1.47 
WHC (gwater/gfeed DM) 1.36 1.34 1.62 1.59 1.52 1.63 
Calcium (g/kg DM) 10.1 15.4 16.8 17.3 17.2 19.8 
Phosphorus (g/kg DM) 7.3 9.7 10.1 10.7 10.3 11.9 
Magnesium (g/kg) 9.8 8.9 10.1 10.1 9.3 10.1 
Potassium (g/kg)  8.8 9.0 9.3 10.2 10.4 11.1 
Sodium (g/kg) 2.3 5.3 10.2 10.1 9.8 12.3 
Zinc (mg/kg) 90.8 91.1 88.3 81.2 82.3 78.2 
Copper (mg/kg) 8.9 7.8 9.14 8.15 7.23 7.31 
Manganese (mg/kg) 124 111 109 124 123 128 
Iron (mg/kg) 146 201 304 338 344 359 
 
BD- bulk density, DM - dry matter; NDF- neutral detergent fibre; ADF- acid 
detergent fibre; ADIN - acid detergent insoluble nitrogen, CT-condensed tannins; 






Table 4.2: Fatty acid composition (% of total fatty acids) of 
Vachellia tortilis leaves 
 
Fatty acid (% of total fatty acids) 
SFA 
C14:0 (Myristic) 0.58 
C15:0 (Pentadecanoic)  0.54 
C16:0 (Palmitic) 24.2 
C18:0 (stearic) 10.4 
C20:0 Arachidic 0.66 
C22:0 (Behenic) 0.36 
C23:0 (Lignoceric)  0.13 
C24:0 Lignoceric 1.08 
MUFA 
C16:1 (Palmitoleic) 0.19 
C18:1n9c (Oleic) 3.37 
C20:1n9 (Eicosenoic) 0.03 
C24:1n9 (Nervonic) 0.11 
PUFA 
C18:2n6c (lauric) 11.4 
C18:3n3 (α-linolenic) 44.3 
C20:2n6 (Eicosadienoic) 0.11 
C20:3n3 (Eicosatrienoic) 1.15 
C22:2n6 (Docosadienoic) 0.38 





n-6 (omega-6) 11.9 
n-3 (omega-3) 45.8 
(n-6)/(n-3) 0.26 
 
MUFA= Monounsaturated fatty acids, PUFA= Polyunsaturated fatty acids, SFA= 
















Fatty acid 0 30 60 90 120 150 
xSFA 
C14:0 0.08 0.08 0.09 0.09 0.09 1.0 
C15:0 0.03 0.04 0.04 0.03 0.03 0.04 
C16:0 10.5 10.6 10.4 10.2 10.3 10.3 
C18:0 2.51 2.67 2.71 2.82 2.97 3.00 
C20:0 0.11 0.13 0.13 0.13 0.14 0.14 
C22:0 0.19 0.21 0.22 0.22 0.24 0.23 
C23:0 0.00 0.00 0.00 0.00 0.00 0.04 
C24:0 0.15 0.16 0.16 0.18 0.19 0.20 
yMUFA 
C16:1 0.12 0.13 0.13 0.12 0.12 0.14 
C18:1n9c 23.9 24.1 24.0 24.0 23.9 23.9 
C18:1n9t       
C20:1 0.20 0.20 0.20 0.20 0.19 0.19 
C24:1 0.03 0.03 0.02 0.02 0.02 0.02 
zPUFA 
C18:2n6c 59.6 58.7 58.8 58.7 58.2 58.0 
C18:3n3 2.35 2.66 2.82 3.0 3.36 3.42 
C20:2n6 0.06 0.05 0.05 0.05 0.05 0.04 
C20:3n3 0.01 0.15 0.14 0.10 0.11 0.12 
C22:2n6 0.06 0.05 0.05 0.05 0.05 0.05 
C22:6n3 0.03 0.04 0.03 0.04 0.03 0.05 
xSFA 13.6 13.8 13.8 13.7 14.0 14.0 
yMUFA 24.3 24.5 24.0 24.4 24.2 24.3 
zPUFA 62.2 61.7 61.9 62.0 61.8 61.7 
PUFA:SFA 4.6 4.5 4.5 4.5 4.4 4.4 
n-6 59.8 58.8 58.9 58.8 58.3 58.1 
n-3 2.4 2.9 3.0 3.1 3.5 3.6 
(n-6)/(n-3) 24.9 20.6 19.7 18.7 16.6 16.2 
 






4.3.1 Growth performance 
 
All pigs used in the experiment were clinical healthy throughout the experiment. 
Growth performances of pigs are shown in Table 4.5. Average daily feed intake 
was significantly (P< 0.05) affected by time on feed. A linear increase (P< 0.05) in 
ADFI was observed in Week 1, 2 and 3, respectively. In Week 4, a quadratic 
decrease (P<0.03) in ADFI with inclusion of V. tortilis leaf meal was observed. 
There was a linear (P< 0.05) decrease in ADG and G: F with increase inclusion 
levels of V. tortilis leaf meal in the diet. Overall ADFI increase linearly (Y= 
0.061025x + 2.155240; P< 0.05) with inclusion level of V. tortilis in the diet, while 
both ADG and G: F decreased linearly (Y = -0.006291x + 0.925080; Y= -0.006299 
+ 0.414923; P< 0.05) with increase inclusion level of V. tortilis. 
 
4.3.2 Carcass characteristics 
 
The relationship between graded levels of V. tortilis leaf meal and carcass 
characteristics is shown in Table 4.6. Inclusion of V. tortilis linearly reduced (P < 
0.05) slaughter weight (SL), warm carcass weight (WW), cold carcass weight 
(CW), back-fat thickness (BFT) and linear increased (P < 0.05) cooler shrink (CS). 
The inclusion level of V. tortilis had no effect (P> 0.05) on dressing percentage 
(DP), pH45 and temperature45. 
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Vachellia tortilis inclusion level (g/kg DM) SEM Significance 
0 30 60 90 120 150 
 
Linear Quadratic 
           
           
ADFI 1 2.37 2.77 3.02 2.53 2.61 2.75 0.17 NS NS 
 
2 3.09 3.02 3.17 3.05 2.74 2.91 0.17 NS NS 
 
3 2.91 3.06 3.16 2.79 3.02 3.18 0.17 NS NS 
 4 2.98 3.23 3.58 3.32 2.67 2.78 0.17 NS *** 
Over-all ADFI 2.83 3.02 3.19 2.91 2.76 2.86 0.15 *** NS 
ADG 1 1.01 0.88 0.97 0.82 0.90 0.68 0.09 *** NS 
 
2 1.05 0.71 0.94 0.78 0.75 0.75 0.09 *** NS 
 
3 1.01 0.92 0.82 0.87 0.64 0.60 0.09 *** NS 
 4 1.23 0.10 0.90 0.87 0.57 0.40 0.09 *** NS 
Over-all ADG 1.08 0.88 0.91 0.84 0.72 0.61 0.07 *** NS 
G:F 1 0.44 0.32 0.32 0.31 0.35 0.25 0.03 *** NS 
 
2 0.35 0.23 0.32 0.27 0.28 0.26 0.03 *** NS 
 
3 0.36 0.31 0.27 0.31 0.21 0.20 0.03 *** NS 
 4 0.41 0.32 0.27 0.27 0.23 0.16 0.03 *** NS 
Over-all G:F 0.39 0.29 0.29 0.29 0.27 0.22 0.02 *** NS 
 
ADFI= average daily feed intake, ADG = average daily gain, DM = dry matter, G: F = gain: feed ratio, NS = not significant 




Table 4. 4 Relationship between graded levels of V. tortilis leaf meals and carcass characteristics 
of finishing pigs 
 
 
BFT= back-fat thickness, SEM = standard error of means, R2= R-square value, Sig= significant level, NS= not significant, 
*** P < 0.001. 
Variable Vachellia tortilis leaf meal inclusion level (g/kg DM) 
0 30 60 90 120 150 SEM Sig Equations R2 
Slaughter weight (kg) 90.3 85.4 86.3 84.5 82.1 79.6 1.03 *** y= -0.504x + 88.8 0.30 
Warm weight 70.3 68.4 68.4 68.3 66.2 64.8 0.94 *** y= -0.146x + 69.8 0.30 
Cold carcass weight 68.7 66.6 66.5 64.2 62.2 62.7 0.94 *** y= -0.183x + 68.2 0.34 
Dressing percentage 76.6 78.1 76.9 79.1 78.5 78.3 1.21   NS 
Cooler shrink (%) 2.32 2.55 2.77 2.78 3.0 3.24 0.06 *** y= 0.055 x + 2.4 0.74 
BFT (mm) 11.9 11.6 10.7 9.9 9.3 8.5 0.31 *** y = -0.199x + 12.0 0.68 
pH (45 min) 6.58 6.6 6.7 6.6 6.7 6.7 0.17   NS 






Performance data of the current study are in agreement with previous work 
reported elsewhere (Khanyile et al., 2014). The linear increase in daily feed intake 
in pigs fed incremental levels of Vachellia tortilis leaf meal may be attributed to a 
decrease in nutrient availability owing to the presence of polyphenolic compounds 
and fibre. Phenolic compounds, such as proanthocyanidins, depress feed intake 
(Makkar, 2003), precipitate with protein (Mueller-Harvey, 2006) and possible 
damage the mucosal lining of the digestive track when the level in the feed are 
exceed 10 % (Halimani et al., 2005). High fibre levels of Vachellia leaf meal could 
have also limited the intake of digestible energy in the diet causing dissatisfaction 
(Martens et al., 2009). The observation that ADG was linearly reduced with 
increased levels of V. tortilis leaf meal in the diet could be ascribed to the reduction 
of maximum intake of nutrients caused by the binding effect of phenolic and the 
increased of fiber which eventual reduce the gut capacity of pigs (Martens et al., 
2012). As a result of linear decreased in optimum intake of nutrients with increase 
inclusion levels of Vachellia tortilis leaf meal, it was expected that the G: F ratio 
woud follow a similar trend. This is in agreement with the results presented by 
Martins et al. (2009), who reported reduction in mass gain and poor gain: feed ratio 
of finishing pigs fed on two levels (5 and 10 %) of olive leaves. The recently report 
by Mukombo et al. (2014) also demonstrated increased in ADFI and reduction in 




The linearly decrease in slaughter weight, warm carcass weight and cold mass 
could be ascribed to the reduction in ADG when V. tortilis leaf meal increased in 
the diet. This is consistent with previous report by Khanyile et al. (2016) that 
reported a linear decrease in carcass characteristics of pi gs fed on incremental 
levels of Vachellia tortilis leaf meal. The observed linear reduction in back-fat 
thickness could be ascribed to low intake of digestible energy associated with leaf 
meal diets, consequently, resulting in low fat depot in the carcasses. This is in 
agreement with report by Paiva-Martins et al. (2009) who reported a reduction of 
back-fat thickness of carcasses from pigs fed on diet supplemented with Olive 
leaves. The linear increase in cooler shrink with increase inclusion of V. tortilis leaf 
meal in the diet could be ascribed to the decreased of back-fat thickness in 
carcasses from pigs fed on incremental levels of V. tortilis leaf meal. The lean 
carcasses lose more water in the first 24 hours to 48 hours (Schweihofer, 2011). 
Despite the observed decreased in cooler shrink, all reported values were within 





Increasing the inclusion of V. tortilis was accompanied by an increase in the 
negative effect in ADG, G: F, slaughter weight, warm carcass weight, cold weight 
and back-fat thickness. It will be worth investigating the effect of graded levels of 
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Chapter 5: Pork quality attributes from pigs fed on graded 
levels of Vachellia tortilis leaf meal 
Abstract 
 
The present study determined physicochemical attributes of pork from Large White 
x Landrace male pigs aged 14 weeks and weighing 63.6 ± 0.73 kg (mean ± SD) 
fed graded levels (0, 30, 60, 90, 120 and 150 kg DM) of Vachellia tortilis leaf meals. 
Following 32 days of feeding, all pigs (86 ± 1.03 kg) were slaughtered and 
Longissimus dorsi muscles were taken between 5th and 13th rib for meat quality 
analyses. There was a quadratic response (P < 0.05) ultimate meat pH (pH24), Hue 
and Warner Bratzler Shear Force (WBSF) with increasing levels of Vachellia 
tortilis. There was a quadratic response (P < 0.05) in intramuscular fat (IMF) and 
pork redness (a*) with increasing in V. tortilis in the diet.  There was a linear 
response (P < 0.05) in pork moisture, lightness (L*), yellowness (b*), Chroma and 
cooking loss and linear response (P < 0.05) in muscle protein with increasing V. 
tortilis in the diet. Dry matter percentage and ash of pork were not affected by the 
inclusion levels of V. tortilis leaf meal. The current study has revealed that low 
levels of V. tortilis leaf meal improves quality of pork. 
 
Keywords: Chroma, cooking loss, Hue, Intramuscular fat Longissimus dorsi, 
Warner  






Successful attempt to reduce high feed cost has been achieved through utilization 
of non-conventional feed resources such as Vachellia leaf meal in feeding livestock 
in the tropics (Mapiye et al., 2010; Ndou et al., 2015). The constituent diet has a 
major influence on the physico-chemical and nutritional quality of pork (Dugan et 
al., 2004). Colour of pork and intramuscular fat have a profound influence on the 
acceptability of meat by consumers, while tenderness and juiciness influence the 
palatability of cooked pork (Glitsh, 2000; Verbeke et al., 2005). 
 
Vachellia tortilis, former Acacia tortilis, belong to the family Mimoseae I and is 
widely distributed in the tropical and subtropical countries (Kayalangalilwa et al., 
2013). Besides being used for feeding livestock, Vachellia species have 
multipurpose roles including fencing, firewood and treatment of various human 
diseases (Mapiye et al., 2010; Gowri et al., 2011). Vachellia tortilis leaves are high 
in protein and omega-3 fatty acids, and contain moderate mineral contents 
(Khanyile et al., 2014). Despite its high nutritional composition, the utilization in 
feeding pigs is limited by the presence of polyphenolics and high fibre (Dube et al., 
2001). Feeding animals with V. karroo leaf meal rich in phenolic compounds has 
been reported to increase omega-3 fatty acids, conjugated linoleic acid 
concentrations and produce meat with a redder colour and high protein content 




Polyphenolic compounds act as natural antioxidants (Luhucky et al., 2010). 
Currently, there has been a growing interest in the use of natural antioxidants to 
reduce the occurrence of cardiovascular problems and some cancer which are 
associated with synthetic antioxidants (Hayes et al., 2010). Natural antioxidant 
plays a major role in the retardation of lipid oxidation, and improve colour stability 
of meat. The effect of feeding V. tortilis leaf meal on physicochemical properties of 
pork have not been investigated. The objective of current study was, therefore, to 
determine pork quality from pigs fed on graded levels of V. tortilis leaf meal based 
diets. It was hypothesized that feeding pigs with increasing levels of V. tortilis leaf 
meal has no effect on pork quality.  
 
5.2 Materials and methods 
5.2.1 Study site 
 
The study site has been described in chapter 4. 
 
5.2.2 Pigs, diets and housing 
 
Pigs, diets and housing have been described in chapter 4. 
 
5.2.3 Collection of pork samples 
 
Following 24 hours of chilling the carcasses at 2 ºC, Longissimus thoracisi muscle 
(LT) samples were taken between the 5th and last 13th rib, vacuum packed in plastic 
bags and transported to the Meat Science Laboratory at Stellenbosch University, 
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South Africa, under chilled conditions. Meat sample were kept at -20 ºC pending 
meat quality analysis.  
 
5.2.4 Meat quality analyses 
5.2.4.1 Determination of pH 
 
Ultimate pH (pH24) were measured using portable pH meter equipped with a spear 
tip electrode and an automatic thermometer compensator probe (CRISON pH25, 
CRISON instrument SA, Spain). The pH meter electrode was rinsed using distilled 




Pork colour at 24 h was determined using CIE Lab meter (Colour –guide 45º/0º 
colorimeter (BYK-Gardner GmbH, Gerestried, Germsny) with 20 mm diameter 
measurement area and illuminant D65-d light, 10º standard observer. Briefly, LD 
muscle samples of each pig measuring 5 cm in diameter and with a thickness of 
2.5 cm were cut and allowed to bloom for 30 min at 4ºC before measurement. 
Colour measurements were taken from three locations on the cut surface of 
individual LD muscle. The colour scale was expressed as L* (lightness), a* 
(redness), b* (yellowness) (EIC, 1976). Hue angle, which describes the 
fundamental colour of a substance, and Chroma, which describes the saturation 




5.2.4.3 Cooking loss 
 
Freshly cut steaks from LT muscle were weighed and placed in clearly labeled 
thin-walled plastic bags. Samples were then cooked at 75ºC for 60 min. The 
samples were cooled in chill room at 4ºC until equilibrated. Water accumulated in 
the bag during cooking was removed. Pork samples from bags were gently blotted 
dry and weighed to determine final weight.  Cooking loss was calculated using the 
following formula: 
% Cooking loss = [(weight BEFORE - weight AFTER) / (weight BEFORE)] * 100 
 
5.2.4.4 Shear force 
 
The tenderness of LT sample was determined using Warner Bratzler Shear force 
(WBSF) (Honikel, 1998). The force in Newton (N) required to shear each block 
perpendicular to its grain of the muscle fiber was determined using an Instron 
Universal Testing Machine (UTM, model 2519-107 Universal Testing Instrument 
Instron, Canton, MA) fitted with a Warner-Bratzler shearing device. The Instron 
had a load cell of 2 kN and crosshead speed of 200 mm/ min.  Pork samples from 
the cooking loss measurement were used. Visible connective tissue membranes 
(perimysial) in thes samples were removed. At least, six 1 × 1 × 2 cm blocks were 
cut from LT muscle samples, which were used for the determination of cooking 
loss. The blocks were cut such that the muscle fibres ran parallel to the longitudinal 
axis of these blocks. The average of six values for all blocks was used as the 




5.2.5 Proximate analysis of LT samples 
 
Frozen LT samples were properly thawed at 4ºC overnight. Excess fats were 
removed from samples using scalpel. Forty-eight hours after slaughter a 50g 
sample was minced for determination of moisture, dry matter, ash and protein as 
described by AOAC (2002, method.934.01; 942.05 and 992.15). Intramuscular fat 
(IMF) content was extracted according to the method described by Lee et al. 
(1996). Briefly, IMF content was determined on a 5 g homogenized LD muscle 
sample using a 1:2 chloroform/methanol solution for fat extraction. The IMF of the 
muscle samples content were then determined according to AOAC (1995; method 
920.39). 
 
5.2.6 Statistical analyses 
 
The polynomial regression procedure (PROC REG) of SAS (2009) was used to 
determine linear and quadratic effects of feeding increasing dietary levels of V. 




5.3.1 Chemical attributes 
 
Chemical attributes of LT muscle from pigs fed graded levels of V. tortilis leaf meal 
is shown in Table 5.1. A linear response (P < 0.05) in Ultimate pH (pH24) with 
increasing levels of V. tortilis leaf in the diet was observed. There was a linear 
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responce (P < 0.05) in moisture % and muscle protein with increasing levels of V. 
tortilis.  Dry matter and ash percentage were not affected by V. tortilis inclusion. 
There was a quadratic response (P < 0.05) in Intramuscular fat with increasing 
levels of V. tortilis leaf meal. Using the segmented regression, it was revealed that 
the propotion of IMF stated to decrease when the leaf meal was included beyond 
90g/kg DM. 
 
5.3.2 Physical attributes 
 
Physical attributes of LD muscle from pigs fed graded levels of V. tortilis leaf meal 
is shown in Table 5.2. There was a linear response in muscle lightness (L*), muscle 
yellowness (b*), chrome and cooking loss with the increasing levels of V. tortilis 
leaf meal in the diet. Quadratic response (P < 0.05) in muscle redness (a*) were 
observed with increase in levels of V. tortilis leaf meal in the diet. There was a 
quadratic response (P < 0.05) in hue and WBSF with the increase levels of V. 
tortilis leaf meal in the diet. Using segmented regression, the colour redness a* 
stated to decrease when the V. tortilis leaf meal was included beyond 60g/kg DM 


















Table 5.1   Chemical attributes of Longissimus dorsi muscle from pigs fed on graded levels of 
Vachellia tortilis leaf based-diets 
 
                   Vachellia tortilis inclusion (g/kg) Significance Equations R2 
Trait 0 30 60 90 120 150 S.E.M Linear Quad   
pH24 5.3 5.4 5.4 5.4 5.5 5.6 0.02 *** NS y= 0.06658x  + 0.032808 0.32 
Moisture 
(%) 
75.0 74.1 74.1 74.6 74.4 74.6 0.26 *** NS y = -0.1638x + 74.807656 0.30 
DM (%) 25.0 26.0 26.0 25.4 25.6 25.4 0.26 NS NS   
Ash (%) 1.08 1.08 1.14 1.10 1.11 1.13 0.06 NS NS   
IMF (%) 2.67 2.83 2.98 2.60 2.10 1.98 0.1 *** *** y= -0.009450x2 + 0.07910x + 
2.6981 
0.50 
CP (%) 20.7 22.1 22.3 22.7 20.7 21.6 0.45 *** NS y = 0.337423x + 20.973504 0.30 
 
 
DM= Dry matter, CP= Crude protein, IMF= Intramuscular fat, NS= Not significant, pH 24= ultimate pH, Quad= Quadratic, 
SEM= standard error of means, Sig = Significant level, ***P <0.001.
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Table 5.2 Physical attributes of Longissimus dorsi muscles from pigs fed on graded levels of 
Vachellia tortilis leaf meal based diets 
                   Vachellia tortilis inclusion (g/kg) Significance Equations R2 
Parameter  0 30 60 90 120 150 S.E.M Linear Quad   
L* 53.4 52.1 51.7 50.9 51.9 49.2 0.42 *** NS y= -0.162419x + 52.996362 0.42 
a* 5.04 4.80 4.72 3.97 2.89 2.12 0.07 NS *** y=-0.013227x2-0.00239x+ 
5.031741 
0.50 
b* 11.9 11.1 10.9 10.2 9.74 9.02 0.12 *** NS y= -0.177613x + 11.831652 0.64 
Chroma 10.8 10.1 10.4 10.3 9.54 9.44 0.23 *** NS y= -0.069857 + 10.721685 0.40 
Hue 67.1 66.5 66.2 68.6 73.4 76.8 0.43 NS *** y= 0.07962x2 + 0.512311x + 
670339 
0.51 
CL (%) 35.2 33.9 32.5 33.0 32.7 32.2 0.36 *** NS y= -0.433078x + 35.081406 0.31 
WBSF (N) 30.5 31.1 32.1 36.2 40.9 43.8 0.45 *** NS y= 0.233556x + 30.15801 0.42 
 
 
a*= redness of meat, b*= Yellowness of meat, CL= cooking loss, L*= lightness of meat, N= neuton, Quad= Quadratic, SEM 








The current study tested for linear and quadratic effects of feeding increasing 
dietary levels of V. tortilis on pork quality. The ultimate pH (pH 24) in the current 
study showed a quadratic increase with increase inclusion levels of leaf meal up 
to a point where there was no further increase.  The quadratic increase in pH24 
observed with increased levels of V. tortilis leaf meal could be ascribed to the 
decrease in maize proportion of the experimental diets, consequently reducing the 
glycogen. Maize is the major source of glycogen for pigs. Phenolic compounds in 
V. tortilis leaf meal could have also reduce carbohydrates digestibility there by 
lowering level of glycogen. Phenolics have strong H–donating activity (Muchuweti 
et al., 2007) and reported to act as natural antioxidant (Mapiye et al., 2011). These 
results are in agreement with the findings by Lee et al. (2012), who reported an 
increase in ultimate pH of thigh meat from broilers fed 1.0% dietary gallic acid and 
linoleic acid. The quadratic increase in ultimate pH was within the normal range 
(5.7-6.1), indicating no signs of pale, soft and exudative (PSE) or dark, firm and 
dry (DFD) as described by de Vries and van der Wal (1992). 
 
The linear decrease in moisture content of LT muscle as V. tortilis leaf meal 
increased could be attributed to quadratic increase in ultimate pH. Water loss in 
the muscle is mainly influence by denaturation of protein caused by high ultimate 
pH (Bruce et al., 2004; Huff-Lonergan and Lonergan, 2005; Wu et al., 2014). The 
other cause of decrease in moisture loss could be the initial increase in IMF 
percentages, which was observed from 30-90g/kg inclusion level before a 
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quadratic decrease. Lower percentages of IMF observed from 120-150g/kg DM 
slightly increases the moisture content of pork. Moisture content of meat is 
negatively correlated (r=-0.99) with IMF content (Shuler et al., 1970; Shields et al., 
1983; Ramsey et al., 1990). Despite the observed decrease in the moisture content 
of the LD muscle with increase in V. tortilis inclusion, values obtained in the current 
study were within the acceptable range (72%-75%), reported by Kim et al. (2006). 
Moisture content influences both firmness and cooking loss during cooking 
procedure (Pearce et al., 2011). 
 
The quadratic decrease of IMF percentages could be ascribed to phenolic 
compounds in experimental diets. In the current study the inclusion of V. tortilis 
leaf meal initial increase IMF percentages up to 60 g/kg inclusion level before a 
quadratic decline observed from 90g/kg DM inclusion level. At lower inclusion 
levels of leaf meals, pigs are known to increase the intake of feed to compensate 
nutrients deficiencies caused by fibre and phenolic compounds (Martens et al., 
2012). The quadratic decrease of IMF beyond 90g/kg inclusion levels was 
expected as the results of increase of phenolic compounds, which reduces feed 
intake (Halimani et al., 2005; Khanyile et al., 2014) and consequently, reduce fat 
deposition in the body and muscle tissue (Paiva-Martins et al., 2009). 
Intramuscular fat is largely influenced by diet (Wood et al., 2004). Even though 
experimental diets were formulated to render similar levels of energy and crude 
protein, the availability of phenolic compounds in leaf meal could have resulted in 
imbalance energy to protein ratio through complexing effect. Despite the quadratic 
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decrease in IMF in the current study, all reported values were within the normal 
range (2-4%) required to provide meat with marbling characteristics appreciated 
by consumers (Verbeker et al., 1999). The quadratic decrease in IMF percentages 
of LD muscle in the current study agrees with Paiva-Martins et al. (2009) who 
reported decreased in IMF content of pork from pigs fed on varying levels of Olive 
leaves. Zhang et al. (2009) reported a reduced intramuscular fat (IMF) with early 
feeding (28th to 57th day of life) of 0.1% sea buckthorn extract to crossbred pigs. 
A decrease in the total muscle fat has also been reported in pork from pigs fed on 
varying levels of Moringa oleifera (Mukumbo et al., 2014). Lipids plays vital role 
during cooking, and influences tenderness, juiciness and flavor of meat (Elmore 
and Mottram, 2009).  
 
The observed linear decrease in lightness (L*) could be ascribed to the quadratic 
increase in ultimate pH (Bidner et al., 2004), quadratic decrease in intramuscular 
fat content and linear decrease in moisture content of LD muscles (Bruce et al., 
2004;) with increasing levels of V. tortilis leaf meal. Despite the decrease in L* 
value with increasing inclusion levels of leaf meal, all the values were within the 
normal range indicating no signs of pale, soft and exudative (PSE) or dark, firm 
and dry (DFD) meat.  
 
The quadratic decrease in a* could have been caused by increase in ultimate pH 
observed with increasing inclusion level of V. tortilis leaf meal in the diet. Higher 
ultimate pH values are known to cause dry surface on meat thereby reducing the 
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rate of oxymyoglobin, consequently yielding meat dark colour (Priolo et al., 2001; 
Holmer et al., 2009). High ultimate pH affect the colour stability of fresh meat by 
reducing enzyme activity and the rate of oxygenation (Govindarajan, 1973). 
Reducing enzymes are necessary to convert metmyoglobin back to oxymyoglobin 
(Ledward, 1992). Another plausible explanation of the reduction in enzymes 
activity could be precipitating effects of phenolic compounds present in V. tortilis 
leaf meal, since enzymes are protein in nature (Makkar, 2003). The high ultimate 
pH causes a dry surface, which inhibits the penetration of oxygen into the meat 
and thus slows down the oxygenation process (Pettigrew and Esnaola, 2001). 
Other explanation for the decrease in redness could be through metal chelation 
properties of phenolic compounds present in leaf meals. Phenolic compounds are 
known to complex with iron, which plays critical role in the formation of red colour 
pigmentation. The current finding that redness decrease as the leaf meal increase 
is in agreement with Mukumbo et al. (2014) who demonstrated a significant 
decrease in redness in LD muscle from pigs fed on Moringa leaf meal. The 
increase in redness (a*) of meat from Nguni cattle supplemented with V. karroo 
has been reported by Mapiye et al. (2010). 
 
The decreased in colour parameter b* could be ascribed to decreasing maize 
proportion, which could have resulted in reduced beta-carotene content of the leaf 
meal diets. The decrease b* in the current study contradicts with Mukumbo et al. 
(2014) and Wapi et al. (2013) who reported an increase in b* values with increasing 
Moringa oleifera leaf meal in pig diets, which could relate to differences in 
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nutritional and phenolics composition of the species and the fact that the maize 
proportion was not reduced with inclusion level of Moringa leaf meal.  
 
The quadratic increase in Hue in pork sample from pigs fed on V. tortilis leaf meal 
implies that the meat colour was more intense, this could be ascribed to the 
presence of phenolic compounds, which are reported to possess antioxidative 
properties (Muchuweti et al., 2007; Moyo et al., 2011). This is in agreement with 
the report by Mukumbo et al. (2014) who observed increased in Hue angle of pork 
from pigs fed on Moringa oleifera leaf meal. The quadratic increase in Hue suggest 
that V. tortilis leaf meal did not deteriorate the redness of meat (Hoffman et al., 
2012) and could prolong the acceptability of pork. Pork colour has profound impact 
on consumer’s decision to purchase meat (Ngapo et al., 2007; Gracia and de 
Magistris, 2013). 
 
The observed linear decrease in cooking loss with increasing inclusion levels of 
Vachellia leaf meal indicates that the meat was able to retain juices during cooking. 
This could be attributed to the quadratic decrease in the intramuscular fat and 
linear decrease in moisture of pork from observed with increasing inclusion of V. 
tortilis leaf meal. Levels of fat in the meat have a profound effect on the cooking 
loss (Yu et al., 2005). The melting of fat and denaturation of the protein during 
cooking, general causes the release of chemically bound water (Vieira et al., 
2009). Ngambu et al. (2013) also reported a decrease in cooking loss of meat from 




The quadratic increase in Warner Bratzler Shear Force (WBSF) observed with 
increasing V. tortilis leaf meal inclusion could be ascribed to decrease in 
intramuscular fat content of pork from pigs fed on incremental levels of Vachellia 
leaf meal based diet. Meat texture largely depends on the size of muscle fibre, 
amount of connective tissue, and quantity of IMF (Joo, et al., 2013). Intramuscular 
fat act as lubricants of muscle fibre during cooking, consequently, reducing shear 
force and increasing tenderness of meat (Luchak et al., 1998). IT is general known 
that high WBSF value is associated with poor consumer acceptability of meat 
product. All values of WBSF observed with increase V. tortilis leaf in the diet were 
within the acceptable range showing no indication of poor tenderness.  
5.5 Conclusions 
 
Vachellia tortilis leaf meal could be included up to 120 g/kg DM without 
compromising pH24, moisture, DM, ash, CP, L*,b* and CL  of pork. If the rednes 
(a*), Hue and IMF of pork is the main intrest, V. tortilis leaf meal can be included 
at a rate of 60, 90, and 150g/kg DM respectively. The decrease in IMF percentages 
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Chapter 6:  Fatty acid composition, atherogenicity and 
thrombogenicity indices of pork from pigs fed on 
Vachellia tortilis leaf meal 
 
(Under review in Journal of Food Composition and Analysis) 
Abstract 
 
The objective of the current study was to determine fatty acid composition, nutritive 
value, atherogenecity and thrombogenecity indices of pork from 48 Large White x 
Landrace male pigs aged 14 weeks averaging 63 ± 0.93 (SD) kg BW) fed graded 
levels (0, 30, 60, 90, 120 and 150 g/kg DM) of Vachellia tortilis leaf meal. Following 
32 days of feeding, all pigs were slaughtered and Longissimus dorsi muscles were 
taken between 5th and 13th rib and kept at -20 ̊C for the determination fatty acid 
composition. Overall, the total fatty acids content, proportions of individual and total 
saturated fatty acids (SFA), C24:1, C18:2n6 and total n-6 polyunsaturated fatty 
acids (PUFA), n-6/n-3 ratio, atherogenic index (AI) and thrombogenic index (TI) 
decreased linearly (P<0.001) with increasing levels of V. tortilis leaf meal in the 
diet. There was a quadratic increase (P<0.001) in monounsaturated fatty acids 
(MUFA). Total n-3 PUFA, total PUFA and nutritive value index increased and then 
decreased in a quadratic (P <0.001) fashion with increase inclusion of V. tortilis 
leaf meal. The highest proportions of C18:3n-3, C20:5n3, C20:3n3 and total n-3 
PUFA were obtained at 70, 65, 62 and 68 g/kg DM of V. tortilis, respectively 
(P<0.05). The largest proportions of C20:2n-6, C20:3n-6 and C22:2n-6 were 
reached at 91, 93 and 67 g/kg DM of V. tortilis leaf meal. It was concluded that 
inclusion of V. tortilis leaf meal up to 70g/ kg DM in pig diets increased nutritive 
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index, proportions of n-3 PUFA and total MUFA, and reduced total SFA, total n-6 
PUFA, n-6/n-3 PUFA ratio, atherogenic and thrombogenic indices in pork.  
 
Key words: atherogenic index, consumer health, Longissimus dorsi, 
proanthocyanidins, n-6: n-3 ratio. 
(Under review in Journal of Food Composition and Analysis) 
6.1 Introduction 
 
Over the 20th century, there has been growing interest in the limitation of saturated 
fatty acids (SFA) and increase intake of polyunsaturated fatty acids (PUFA) in 
human nutrition due to high incidences of various diseases including diabetes type 
II and coronary heart diseases (Simopoulos, 2011; Vahmani et al., 2015). Overall, 
research has been towards the reduction of fat intake, as well as bringing the ratio 
of PUFA to SFA (P: S) in meat above 0.45 to improve human health (Wood et al., 
2008). The applicability of this ratio is, however, questionable as it assumes that 
all SFA and PUFA are biologically equivalent to one another and act 
antagonistically. In addition, there is insufficient evidence linking SFA intake with 
cardiovascular disease (CVD), possibly because of the neutral effects of 18:0 
and/or positive effects of 14:0 and 16:0 on high-density lipoprotein (HDL-C) 
(Hunter et al.,  2010) known to favourably impact on CVD risk factors (Natarajan 
et al., 2010; Vannice and Rasmussen, 2014). As such, it is important to pay more 
attention on the correlation between SFA and consumer health, as it is likely 
dependent on specific fatty acids (FA) and other constituents in foods that contain 




The omega-6 (n-6) to omega-3 ratio is another nutritional index that has been used 
to assess the healthfulness of food products with a ratio of 4:1 being considered 
optimal (Simopoulos, 2008; Dept-Health-and-Human-Services, 2014). The 
effectiveness of n-6:n-3 at predicting the reduced risks of CVD, however, falls short 
because it does not differentiate α-linolenic acid (ALA) from the metabolically more 
active eicosapentaenoic and docosahexaenoic acid (EPA/DHA) (Griffin, 2008). 
Individual FA in the same class may have different biological effects, some of 
which may be antagonistic (Dugan et al., 2015). Current evidence suggests that it 
is the actual intake of specific FA that are associated with many different endpoints 
(Flock et al., 2013). There is, therefore, no scientific rationale for the continued 
recommendation of a specific ratio of P:S or n-6/n-3 in assessing the quality of 
foods (Aranceta and Pérez-Rodrigo, 2012).  
 
There is evidence that diet has a major influence on fatty acid profile of pork (Maw 
et al., 2003; Dugan et al., 2004; Mas et al., 2010). In pigs, dietary fatty acids are 
absorbed unchanged from the intestines unlike in ruminants, where dietary fatty 
acids are biohydrogenated in the gut (Wood et al., 1999). The fatty acid 
composition in pigs, therefore, closely reflects dietary fatty acid composition 
(Turner et al., 2014). Saturated and monounsaturated fatty acids in pigs are also 
synthesized de novo and, are not easily influenced by diet compared to 
polyunsaturated fatty acids such as linoleic (18:2n-6) and α-linolenic (18:3n-3), 
which cannot be synthesized endogenously (Doreau et al., 1997; Enser et al., 
2000). Feeding diets that are rich in α-linolenic acid increases levels of the n-3 
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PUFA (Wood et al., 2008) which lowers thrombogenicity (Enser et al., 2000) 
defined as the tendency of a material in contact with the blood to produce a 
thrombus, or clot (López and Chen, 2009).  
 
To reduce feed cost and competition of feed ingredients between livestock and 
humans, utilization of Vachellia leaf meal in feeding livestock in Southern Africa 
has been explored in ruminants (Mapiye et al., 2011; Marume et al., 2012) and 
non-ruminants (Halimani et al., 2007; Khanyile et al., 2014; Ndou et al., 2015; 
Hlatini et al., 2016; Khanyile et al., 2016). Vachellia leaves have high levels of 
proteins, minerals, vitamins and proanthocyanidins (Dube et al., 2001; Mokoboki 
et al., 2005) and 18: n-3 (Mapiye et al., 2011). The presence of proanthocyanidins 
and high fibre levels in Vachellia leaf meal decrease feed intake, growth rate and 
back fat thickness in pigs (Khanyile et al., 2016). Vachellia leaf meal has, however, 
been reported to improve 18:3n-3 and n-6/ n-3 ratio in beef (Mapiye et al., 2011). 
So far, the effect of Vachellia tortilis leaf meal on fatty acid profile of pork is still 
unknown. Therefore, the present study was undertaken to determine the effect of 
feeding Vachellia tortilis leaf meal on fatty acid composition, atherogenesity and 
thrombogenecity indices of pork. 
 
6.2 Materials and methods 
6.2.1 Study site 
 
The study site has been described in Section 4.1. 
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6.2.2 Pigs and housing 
 




Diets have been described in Section 4.1 
 
6.2.4 Determination of pork fatty acid profiles 
 
The fat from a 1 g sample of raw LD muscle homogenate was extracted using a 
2:1 (v/v) chloroform: methanol solution (Folch et al., 1957), which contained 0.01 
% butylated hydroxytoluene (BHT) as an antioxidant. The samples were 
homogenized in the extraction solvent for 30 secs using a polytron mixer 
(WiggenHauser D-500 Homogenizer, fitted with a standard shaft 1, speed setting 
D). Heptadecanoic acid (C17:0) was used as an internal standard (catalogue 
number H3500, Sigma-Aldrich, Gauteng, South Africa). A 250-µL sub-sample of 
the extracted lipids was subsequently transmethylated at 70 ºC for 2 hours using 
2 mL of a 191 (v/v) methanol: sulphuric acid solution as the transmethylating agent. 
After allowing the resultant mixtures to cool at room temperature, the fatty acid 
methyl esters (FAME) were extracted with water and hexane. Following separation 
of the distilled water and FAME- containing hexane fluids, the top hexane layer 
was transferred to a spotting tube and dried under nitrogen. Fifty µL hexane was 
then added to each dried FAME sample, of which 1 µL was injected into the gas 
chromatograph. The FAMEs were analyzed using a Thermo TRACE 1300 series 
gas-chromatograph (Thermo Electron Corporation, Milan, Italy) equipped with a 
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flame-ionization detector, a 30 m TR-Fame capillary column with an internal 
diameter of 0.25 mm and a 0.25 µL film (Cat. No. HY260M142P, Anatech, Cape 
Town, South Africa) and a run time of ca. 40 mins. The following oven temperature 
settings were utilized: initial temperature of 50 ºC (maintained for 1 min) and final 
temperature of 240 ºC attained after three ramps (initial increase at a rate of 25 
ºC/min until a temperature of 175 ºC was reached; thereafter an immediate 
increase at a rate of 1.5 ºC/min to reach 200 ºC and maintenance of this 
temperature for a minimum of 2 min). The injector temperature was set at 240 ºC 
and the detector temperature at 250 ºC. The hydrogen gas flow rate was 40 
mL/min. The FAME of sample was identified by comparing the retention times with 
those of a standard FAME mixture (SupelcoTM 37 Component FAME mix, Cat no, 
47885-U, Sulpeco, USA), with results being expressed as mg fatty acid/g meat.  
 
The saturation (saturated FA: unsaturated FA ratio, S:P), atherogenic index (AI), 
and thrombogenic index (TI) was calculated using the formulae proposed by 
Ulbricht and Southgate (1991), as follows: AI = (C12:0 + 4 × C14:0 + 
C16:0)/[ΣMUFA + Σ(n-6) + Σ(n-3)];TI = (C14:0 + C16:0 + C18:0)/[0.5 × ΣMUFA + 
0.5 × Σ(n-6) + 3 × Σ(n-3) + Σ(n-3)/Σ(n-6)]; where MUFA = monounsaturated FA; 
PUFA = polyunsaturated FA. Nutritive value was calculated using the formulae 









6.2.5 Statistical analyses 
 
The polynomial regression procedure (PROC REG) of SAS (2009) was used to 
determine linear and quadratic effects of feeding increasing dietary levels of V. 
tortilis on fatty acid composition and nutritive value, atherogenic index and 
thrombogenic indices. The piecewise regression (broken-stick) analysis was 
conducted using the NLIN procedure(SAS,2009) to estimate the threshold value 
at which the inclusion level of V. tortilis leaf meal caused a particular fatty acid or 
group of fatty acids to be constant or to decrease as the incremental levels of V. 
tortilis increased. The model used was as follows: 
Υi = γo + γ1 + γ2 (Ixc) (xi - xc) + εi,  
Using parameters (γo, γ1, γ2) and the xc, the two segmented simple regression 
functions were; 
Υj= γo + γ1 (xi), for xi ≤ xc; and 
Υk = Υo + (γ1+γ2) xi, for xi ≥ xc 
Where; 
Υi is the response variable when V. tortilis leaf meal inclusion level constrains fatty 
acids; Υj is the response variable before V. tortilis leaf meal inclusion level 
constrains fatty acids; Υk is the response variable when V. tortilis leaf meal exceeds 
the optimum inclusion level; 
Υo = γo - γ2 xc; when xi = 0; 
γo is the intercept or minimum Υi when xc < 0; 
γ1 is the rate of change of Υi when xi < xc; 
γ2 is the rate of increase in Υi when xi > xc; 
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xi is the inclusion level of V. tortilis in the diet;  
xc is the optimum inclusion level beyond which a fatty acid is constrained by 
elevated V. tortilis leaf meal in the diets; and  
Ixc is a dummy variable with value 0 when xi < xc and 1 when xi ≥ xc.  





6.3.1 Fatty acid composition, atherogenic index, thrombogenic 
index and nutritive value of pork 
 
Fatty acid composition, atherogenic index, thrombogenic index and nutritive value of 
Longissimus dorsi muscles from pigs fed graded levels of V. tortilis leaf meal are given in 
Table 6.1 and Table 6.2. Overall, total fatty acid content, individual and total SFA, C24:1, 
C18:2n-6, C18:3n-6, C20:4n-6, total n-6 PUFA, C22:6n-3, total PUFA, n-6: n-3 ratio, 
atherogenic and thrombogenic indices linearly decreased (P <0.001) with increasing 
inclusion levels of V. tortilis leaf meal. There were quadratic increases (P <0.001) in total 
MUFA, C16:1, C18:1n-9c, C18:1n-9t, C20:1 C18:3n-3, C20:3n-3, C20:5n-3, C22:2n-3, C20:2n-
6, C20:3n-6, and nutritive value index (NVI) but further increase in leaf meal inclusion level 
led to a linear decrease (P <0.001). The ratio of PUFA/ SFA was not affected (P >0.05) by 
the inclusion levels of V. tortilis leaf meal.  
 
6.3.2 Optimum inclusion of V. tortilis leaf meal 
 
Table 6.3 shows segmented regression indicating the optimum inclusion levels of 
V. tortilis leaf meal beyond which the greatest proportions of a given fatty acid were 
attained. The highest proportions of C16:1 and C20:5n-3 were obtained at 65g/kg 
DM of V. tortilis inclusion level (P< 0.05). The greatest proportions of C18:1n9c 
and C181n9t were reached at 63g/kg DM of V. tortilis leaf meal inclusion level. For 
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C18:3n-3 and C20:3n-3, the largest proportions of were reached at 70 g/kg DM 
and 62 g/kg DM of V. tortilis leaf meal inclusion level, respectively. The greatest 
proportions of C20:2n-6, C20:3n-6 and C22:2n-6 were reached at 91, 93 and 67 
g/kg DM of V. tortilis leaf meal inclusion levels. The largest proportions of total 
MUFA and total n-3 PUFA were, respectively, obtained at 69 and 68 g/kg DM of 
V. tortilis leaf meal inclusion levels. 
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Table 6.1: Relationship between graded levels of Vachellia tortilis leaf meal and fatty acid (mg/g) composition of 
pork 
 
                   Vachellia tortilis inclusion (g/kg) Significance Equations R2 
Fatty acid  0 30 60 90 120 150 S.E.M Linear Quadratic  0.65 
C12:0 0.79 0.75 0.73 0.63 0.44 0.40 0.05 *** NS y= -25.286x + 12.463 0.66 
C13:0 0.53 0.53 0.40 0.34 0.31 0.34 0.02 *** NS y= -42.826x + 14.143 0.57 
C14:0 0.60 0.61 0.54 0.44 0.37 0.38 0.03 *** NS y= -37.349x + 14.389 0.52 
C15:0 0.30 0.25 0.32 0.29 0.22 0.22 0.01 *** NS y= -47.654x + 6.5852 0.80 
C16:0 5.29 5.25 5.25 4.31 4.06 3.90 0.08 *** NS y= -13.278x + 38.585 0.74 
C18:0 4.54 4.89 4.72 4.27 3.27 2.91 0.06 *** NS y= -40.0558x + 14.342 0.81 
C20:0 0.09 0.08 0.06 0.06 0.04 0.04 0.03 *** NS y= -147.30x + 9.3422 0.86 
C22:0 0.57 0.50 0.35 0.33 0.31 0.31 0.04 *** NS y= -68.730x + 19.523 0.76 
C24:0 0.83 0.82 0.70 0.62 0.52 0.46 0.03 *** NS y= - 36.899x + 17.515 0.56 
C16:1 0.34 0.39 0.43 0.46 0.34 0.27 0.01 *** *** y=174.84x2 -136.30x+28.138 0.56 
C18:1n9c 4.66 5.17 6.13 6.41 6.26 4.23 0.11 *** *** y= 2.0555x2 – 21.942x + 59.390 0.57 
C18:1n9t 0.16 0.17 0.18 0.18 0.12 0.11 0.03 *** *** y= 1083.2x2 – 358.89x + 31.222 0.52 
C20:1 0.17 0.20 0.22 0.21 0.14 0.13 0.03 *** *** y= 862.96x2 – 327.54x + 32.279  
C22:1n9 0.18 0.22 0.23 0.24 0.22 0.20 0.04 *** NS y=442.43x - 46.216 0.52 
C24:1 0.42 0.45 0.46 0.42 0.36 0.33 0.01 *** NS y= 124.16x + 31.447 0.73 
C18:2n6 4.36 4.49 4.37 4.02 3.15 3.07 0.08 *** NS y= -3.8664x + 14.495 0.50 
C18:3n6 0.16 0.18 0.18 0.15 0.12 0.12 0.01 *** NS y=-10.282x+6.7839 0.70 
C18:3n3 0.20 0.21 0.20 0.18 0.15 0.13 0.01 *** *** y=257.76x2 -131.98x+17.457 0.69 
C20:2n6 0.26 0.26 0.30 0.24 0.20 0.18 0.01 *** *** y=434.11x2 - 236.60x + 33.403 0.80 
C20:3n6 0.80 0.82 0.71 0.46 0.44 0.39 0.03 *** *** y=18.994x2 - 32.146x + 14.247 0.82 
C20:3n3 0.22 0.23 0.22 0.16 0.15 0.13 0.04 *** *** y=312.54x2 - 151.448x + 19.236 0.57 
C20:4n6 0.79 0.86 0.87 0.61 0.58 0.46 0.03 *** NS y= -7.8843x + 7.7624 0.58 
C20:5n3 0.15 0.17 0.18 0.14 0.14 0.12 0.04 *** *** y= 1362.5x2 + 478.73x + 42.891 0.74 
C22:2n6 0.39 0.39 0.42 0.32 0.30 0.24 0.01 *** *** y= 108.659x2 + 95.198 + 21.855 0.51 
C22:6n3 0.20 0.21 0.30 0.34 0.32 0.30 0.01 *** NS y= 47.754x – 6.5957 0.58 
NS= not significant, R2 = R-square, S.E.M = standard error of mean, ***P< 0.0001 
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Table 6. 1: Relationship between Vachellia tortilis leaf meal with total group fatty acids and health indices 
 
                   Vachellia tortilis inclusion (g/kg) Significance Equations R2 
Parameter  0 30 60 90 120 150 S.E.M Linear Quad   
SFA 13.6 13.7 13.1 11.3 9.55 8.97 0.13 *** NS y= -0.5415x + 10.626 0.89 
MUFA 5.94 6.58 7.65 7.93 7.45 5.28 0.11 *** *** y= 1.4884x2 + 19.806 + 66.854 0.55 
PUFA 7.48 7.82 7.76 6.63 5.39 5.15 0.11 *** NS y= -2.3713x + 14.653 0.76 
n-6 PUFA 6.77 6.99 6.85 5.80 4.79 4.47 0.09 *** NS y= -4.3243x + 19.292 0.82 
n-3 PUFA 0.77 0.82 0.91 0.83 0.74 0.67 0.01 *** *** y= 74.751x2 - 128.78x + 57.085 0.56 
PUFA/SFA 0.55 0.57 0.59 0.59 0.56 0.57 0.01 NS *** y= 237.69x2 - 251.54x + 68.396 0.53 
n-6/n-3 8.88 8.55 7.56 7.02 6.44 6.64 0.17 *** NS y= -4.6030x + 25.401 0.75 
AI 3.45 3.43 3.11 2.55 2.09 2.12 0.15 *** NS y= -8.6736x + 17.608 0.72 
TI 13.2 13.4 13.3 11.4 10.1 9.80 0.12 *** NS y= -4.7110x + 35.715 0.84 
NV 5.42 5.88 5.90 5.76 4.82 4.00 0.08 *** *** y= 0.8127x2 - 9.8374x + 31.381 0.55 
TFA (mg/g 
fat) 
27.0 28.1 28.5 25.8 22.4 19.4 0.25 *** NS y= -0.5415x + 10.626 0.89 
 
 
AI= atherogenic index, SFA= saturated fatty acid, MUFA= monounsaturated fatty acids, PUFA= polyunsaturated fatty acid, Quad= 







Table 6.3: Optimum Vachellia tortilis inclusion level indicating threshold value when fatty acids are constrained 
 
Variable γo γ1 γ2 xc 






          
C16:1 0.345 (0.04) 0.264 0.067 (0.07)  0.29 -0.013 (0.03)  0.05 65  0.43 0.04 
C18:1n9c 4.603 (1.03) 7.86 0.976 (2.20) 7.99 -0.212 (0.08) 2.56 63  5.73 0.65 
C18:1nt 0.162 (0.002) 0.170 0.011 (0.004) 0.02 -0.002 (0.001) 0.002 63  0.85 0.02 
C20:1 0.167 (0.001) 0.173 0.006 (0.002) 0.01 -0.0005 
(0.0003) 
0.001 60  0.19 0.01 
C18:3n3 0.195 (0.002) 0.189 0.007 (0.003) 0.01 -0.001 (0.001) 0.002 70  0.21 0.04 
C20:2n6 0.255 (0.004) 0.268 0.014 (0.006) 0.27 -0.002 (0.002) 0.03 91   0.28 0.04 
C20:3n6 0.794 (0.015) 0.84 0.022 (0.022) 0.09 -0.004 (0.006) 0.01 93  0.84 0.04 
C20:3n3 0.219 (0.003) 0.23 0.008 (0.006) 0.03 -0.002 (0.002) 0.005 62  0.23 0.04 
C20:5n3 0.152 (0.003) 0.16 0.019 (0.006) 0.04 -0.004 (0.002) 0.003 65  0.18 0.01 
C22:2n6 0.383 (0.02)  0.46 0.032 (0.04) 0.16 -0.006 (0.01) 0.04 67  0.43 0.38 
MUFA 5.823 (0.33) 6.88 1.201 (0.53) 2.90 -0.205 (0.53) 0.31 69  7.58 0.04 
n-3 0.760 (0.03) 0.87 0.098 (0.06) 0.28 -0.018 (0.02) 0.04 68  0.90 0.04 
Yi = γo + γ1 + γ2 (Ixc) (xi - xc) + εi, when (xi > xc) = 1. 
Where; 
Υi is the response variable when V. tortilis leaf meal inclusion level is constraining fatty acid 
γo is the intercept or minimum Υi when xc < 0; 
γ1 is the rate of change of Υi when xi < xc; 
γ2 is the rate of increase in Υi when xi > xc; 
xc is the optimum level of inclusion beyond which fatty acids are constrained by increase in V. tortilis leaf meal in the diets. 






The observation that total fatty acid content, individual and total SFA decreased 
with increasing levels of V. tortilis leaf meal in pigs could be ascribed 
proanthocyanidins which are reported to reduce feed intake and pig growth 
(Khanyile et al., 2014), and impaired enzymatic activity thereby reducing 
digestibility, absorption and deposition of fats (Mandal and Ghosh, 2012; Khanyile 
et al., 2016). Another explanation could be related to decreases in starch and 
increases in neutral detergent fibre (NDF) and ether extracts EE contents with 
increasing levels of V. tortilis leaf meal in the diet. Thus, differences in total fatty 
acid contents could be associated with reduced lipogenic rates when feeding the 
low carbohydrate (starch) and high fibre (NDF) diets, an assumption that is 
supported by lower proportions of palmitic (C16:0) and stearic (C18:0) acids in the 
respective treatments. Palmitic and stearic acids are the first fatty acids 
synthetized from carbohydrate sources, and lower specific activities of key 
lipogenic enzymes (Gondret et al., 2014), which leads to reduction in fat content 
(Dugan et al., 2004; Duran-Montgé et al., 2010).  Current findings are in 
accordance with the observation that dietary fat (EE) inhibits lipogenesis in isolated 
porcine adipocytes (Benmansour et al., 1991). An other possible cause could be 
the inhibition of lipase enzymes by proanthocyanidins, eventually reducing the 
digestibility and absorption of fatty acids (Aiura and de Carvalho, 2007; Mandal 
and Ghosh, 2012). Similarly, Mukumbo et al. (2014) reported reduction in 
intramuscular fat in Longissimus dorsi muscle from pigs fed on varying levels of 




Saturated fatty acids such as lauric acid (12:0), myristic (14:0) and palmitic (16:0) 
are associated with development of cardiovascular disease in humans due to their 
low-density lipoprotein (LDL) (Fortin et al., 2005; Salter, 2013; Vahmani et al., 
2015; Jiang and Xiong, 2016). 
 
The observation that a majority of MUFA, including C18:1n9c (oleic acid) the main 
MUFA, increased quadratically could be ascribed to the increase in the proportion 
of stearic acid (C18:0) with increasing inclusion of V. tortilis leaf meal in the diet. 
Stearic acid is converted by Δ9 desaturase to oleic acid de novo (Smith et al., 
2009). The reduction in C18:2n6 could have also contributed to the quadratic 
increase in C16:1. The C18:2n-6 is reported to inhibit Δ-9 desaturase activity 
subsequently reducing de novo synthesis of c9-16:1 from 16:0 (Nakamura et al., 
2004). Oleic acid is reported to lower blood fat, improved HDL to LDL cholesterol 
ratios and prevent inflammatory processes in blood vessels (Miura et al., 2013). 
 
 Given that individual and total n-6 PUFA were similar across diets, the observed 
linear decreases in n-6 PUFA in pork with increasing inclusion levels of V. tortilis 
leaf meal could be partly related to increased n-3 PUFA in pork. There is 
competition between omega-6 and omega-3 PUFA for the desaturation enzymes, 
with both fatty acid desaturase 1 and fatty acid desaturase 2, for example, 
preferring α-linolenic aid to linoleic acid (Indu and Ghafoorunissa, 1992; Abedi and 




An other plausible explanation could be the astringent effect of proanthocyanidins 
which is reported to decrease feed intake (Khanyile et al., 2014), thus reducing the 
intake of n-6 PUFA. Impaired enzymatic activity caused by proanthocyanidins 
(Aiura and de Carvalho, 2007; Mandal and Ghosh, 2012), could have also reduce 
the digestibility and absorption of lipids and consequently n-6 fatty acid. 
 
The observation that a majority of individual and total n-3 PUFA increased in a 
quadratic fashion with inclusion levels of V. tortilis leaf meal could be related to the 
diet. The decrease in the deposition of individual and total n-3 PUFA at high 
inclusion levels of V. tortilis leaf meal could relate to increased intake of α-linolenic 
acid. Duran-Montge (2010) similarly reported that when dietary ALA levels in 
finishing pigs fed 10% fat/oil including flaxseed oil is low, body depositions of ALA 
were high (80-100%), and when dietary ALA levels were high, body depositions of 
ALA dropped to 60-70%.  The author related that the drop in n-3 PUFA deposition 
to the extreme intake of α-linolenic acid. Once needs for phospholipid synthesis 
are met, surplus PUFA are likely diverted toward triacylglycerol synthesis and enter 
into pools more available for β-oxidation (Wood et al., 2003). Recent research has 
demonstrated that n−3 polyunsaturated (PUFA), have many properties that seem 
to promote human health and wellbeing (Calder, 2015; Dilzer and Park, 2012), 
particularly the long chain (LC) n-3 PUFA (eicosapentaenoic acid, EPA, 20:5n-3; 
docosapentaenoic acid, DPA, 22:5n-3; and docosahexaenoic acid, DHA, 22:6n-3) 
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have protective effects against heart disease, cancer, arthritis and other 
inflammatory diseases (Kaur et al., 2011; Swanson et al., 2012). 
 
The linear decrease in atherogenecity index observed could be ascribed to linear 
decrease in SFA. All the reported values of atherogenecity index in the current 
study were below the 0.5, which is recommended by World Health Organization 
(WHO, 2003). The observation that graded levels of V. tortilis leaf linearly decrease 
thrombogenicity index could be ascribed high α-linolenic acid, which increases n-
3 fatty acids involved in decreasing the thrombogenicity of blood (Enser et al., 
2000). The linear increase in the nutritive value of pork could have resulted from a 
reduction in SFA and increases in PUFA, which in turn may have greatly reduced 
n-6/n-3 ratio. 
 
Segmented regression showed that inclusion of V. tortilis leaf meal up to 70g/ kg 
DM increased nutritive index, proportions of n-3 PUFA and total MUFA, and 
reduced total SFA, total n-6 PUFA, n-6/n-3 PUFA ratio, atherogenic and 
thrombogenic indices in pork. This could be ascribed to reduced proportion of 
maize and wheat bran as the V. tortilis leaf meal increases in the diet.  The 
proportion of n-3 PUFA was expected to increase due to high concentration of α-
linolenic acid in the V. tortilis leaf meal.  Further increase in leaf meal, however, 
led to increases levels of proanthocyanidins consequently reducing feed intake 
and digestibility of lipids. Pig’s diets are always formulated to meet energy and 
protein or amino acids requirements with little emphasis on fatty acids. Previously, 
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recommendation of Vachellia leaf meal inclusion (100 and 130g/kg DM in finishing 
pigs (Halimani et al., 2005; Khanyile et al., 2014) were based on performance and 
welfare of pigs without consideration of pork quality in general. It is, therefore, 
important for food enrichment to consider fatty acid requirements to address 




Results of the present study indicated that inclusion of V. tortilis leaf meal in 
finishing diet has the beneficial effect in increasing n-3 PUFA, MUFA, nutritive 
value index and reduce n-6: n-3 ratio, atherogenic and thrombogenic indices in 
pork. A largest proportions of individual and total n-3 PUFA were between 62 and 
70g/kg, DM of V. tortilis leaf meal. The increased n-3 PUFA content of pork from 
pigs fed V. tortilis leaf provides the pig industry with an opportunity to provide value-
added by healthful meat products for human consumption. It may be worth 
investigating the lipid stability of pork from pigs fed V. tortilis leaf meal. It is 
recommended that V. tortilis leaf meal be included at rate of 70 g/kg DM if quality 
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Chapter 7: General Discussion, Conclusions and 
Recommendations 
7.1 General Discussion 
 
The broad objective of the study was to assess relationship between graded levels 
of V. tortilis leaf and pork quality in general. The main hypothesis tested was that 
Vachellia tortilis leaf meal improve pork quality up to a point where further inclusion 
would compromise pork quality. Five selected Vachellia species namely. 
xanthophloe, V. robusta, V. tortilis, V. nilotica and V. nigrescens were assessed 
for their protein precipitating activity and antioxidant Forty-eight Large White male 
pigs with initial body weight of 63 ± 0.93 (SD) kg BW) and 14 weeks of age were 
fed experimental diets consisting of 0, 30, 60, 90, 120, and 150g/kg V. tortilis leaf 
meal, respectively, for 32 days. Feed intake, average daily gain and feed efficiency 
ratio were recorded and pigs were slaughtered at the end of experimental period 
for the determination of carcass characteristics and pork quality.  
 
In Chapter 3, protein precipitating and antioxidant activity of five selected Vachellia 
leaves species were determined. The effect of V. tortilis leaf meal on growth and 
carcass characteristics was determined in chapter 4. Chapter 5 dealt with the effect 
of physico-chemical attributes of pork from pigs fed on V. tortilis leaf meal. Fatty 
acid profile, atherogenesity, and thrombogenecity indices of pork from pigs fed on 




Vachellia tortilis and V. xanthophloe had highest protein precipitating capacity. 
Vachellia xanthophloe and V. robusta had highest antioxidant activity. All other 
Vachellia species tested were comparable to that of synthetic antioxidant (Ascorbic 
acid and butylated hydroxyethylene). Protein precipitating capacity and antioxidant 
activity was affected by specie. The study has shown that Vachellia leaves extracts 
can be exploited as natural source of antioxidant. 
 
Overall, ADFI increased linearly while ADG and G: F ratio decreased linearly with 
inclusion of V. tortilis in Chapter 4. The inclusion of V. tortilis linearly decreased 
slaughter weight, warm carcass weight, cold carcass weight, cooler shrink and 
back-fat thickness while dressing percentage, pH45 and temperature45 were not 
affected by V. tortilis inclusion in Chapter 4. The increase in ADFI was attributed 
to the effect of phenolic compounds such as condense tannins and fiber which limit 
the possible intake of nutrients there by causing pigs to eat more to compensate 
for nutrient deficiencies. The study has shown that the increase in leaf meal 
decreases ADG and G: F ratio, consequently reducing carcass characteristics. 
This is in agreement with a report by Khanyile et al. (2016) who reported a 
decrease in carcass characteristics of pigs fed on varying levels of V. tortilis leaf 
meal. 
 
Ultimate meat pH (pH24), in intramuscular fat (IMF), pork redness (a*) Hue and 
Warner Bratzler Shear Force (WBSF), increased with increasing levels of Vachellia 
tortilis while moisture, lightness (L*), yellowness (b*), Chroma and cooking loss 
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decrease linearly with increasing V. tortilis in the diet. Dry matter percentage and 
ash of pork were not affected by the diet in Chapter 5.  The results are in agreement 
with the findings by Lee et al. (2012), who reported an increase in ultimate pH of 
thigh meat from broilers fed 1.0% dietary gallic acid and linoleic acid. The quadratic 
increase in ultimate pH observed in the current study was within the normal range 
(5.7-6.1), indicating no signs of pale, soft and exudative (PSE) or dark, firm and 
dry (DFD) meat as described by de Vries and van der Wal, 1992.  The quadratic 
decrease in IMF% can be ascribe to decrease in ADG. The decrease of colour L* 
was ascribed to higher ultimate pH of pork from pigs fed on V. tortilis leaf meal 
(Bidner et al., 2004). The quadratic decrease in a* was also attributed to the 
increase in ultimate pH observed with increasing levels of V. tortilis leaf meal. 
Mukumbo et al. (2014) also reported a decrease in a* of pork from pigs fed on 
Moringa oleifera.  High ultimate pH affect the colour stability of fresh meat by 
reducing enzyme activity and the rate of oxygenation (Govindarajan, 1973).  
 
The observed linear decrease in cooking loss agrees with the report by Ngambu 
et al. (2013) who reported a decrease in cooking loss of meat from goats 
supplemented with V. karroo. Warner Bratzler Shear Force (WBSF) increase with 
the increased V. tortilis leaf meal. Meat texture largely depends on the size of 
muscle fibre, amount of connective tissue, and quantity of IMF (Joo et al., 2013). 
Intramuscular fat is reported to function as lubricants of muscle fibre during 
cooking, consequently, reducing shear force and increasing the tenderness of 




In Chapter 6, a study was conducted to determine the effect of V. tortilis leaf meal 
on Fatty acid composition, atherogenesity and thrombogenecity indices of pork. 
The hypothesis tested was that V. tortilis leaf meal has no effect fatty acid, 
atherogenecity and thrombogenecity indices of pork. The observation that feeing 
graded levels of V. tortilis leaf meal in pigs resulted in a decrease in total fatty acid 
content could be ascribed to inhibition of lipid synthesis and/or lipid mobilization, 
resulting from the formation of complexes between proanthocyanidins and 
enzymes involved in these processes (Aiura and de Carvalho, 2007; Mandal and 
Ghosh, 2012). The finding that individual and total SFA decreased linearly with 
increasing levels of V. tortilis leaf meal was associated with complexing effect of 
proanthocyanidins, which have been previously reported to decrease 
intramuscular fat content (Chapter 5), consequently, decreasing total SFA. High 
proportion of ALA and LA in the diet could have also resulted in decrease total 
SFA. High proportion of ALA and LA in the diet are reported to reduce denovo 
synthesis of FA (Duran-Montge et al., 2010). Food nutritionist recommends that 
the intake of thombogenic and atherogenic fatty acids such as myristic (14:0) and 
palmitic (16:0) in foods including red meat in the human diet be reduced (Salter, 
2013; Jiang and Xiong, 2016).  
 
The majority individual and total n-6 PUFA decrease linear with increased inclusion 
levels of V. tortilis leaf meal could be partly ascribed to reduced maize and soybean 
with increase inclusion of V. tortilis leaf in the diet. Maize and soybean are reported 
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to be a major sources of n-6 fatty acid (Kouba et al., 2003; Liu, 2015). The level of 
n-3 PUFA tended to increase with increasing levels of α-linolenic acid. Mapiye et 
al. (2011) reported an increase in α-linolenic acid n-3 fatty acids in beef fed 
supplemented with Vachellia leaf meal. Low dietary levels of LA or ALA levels in 
finishing pigs are reported to increase body depositions of LA and ALA (80-100%), 
while high levels of dietary LA or ALA levels tend to reduce body depositions of LA 
and ALA by 60-70% (Duran-Montge et al., 2010). The inclusion of V. tortilis leaf 
meal in finishing pig diets reduced atherogenecity index partly through reduction 
of thombogenic and atherogenic fatty acids such as myristic (14:0) and palmitic 
(16:0) in foods including red meat in the human diet (Fortin et al., 2005; Salter, 




Results of the study demonstrated that V. xanthophloe leaf extracts has high 
antioxidant activity and that V. robusta, V. nigrescens, and V. tortilis leaf extracts 
were comparable to that of synthetic antioxidant. Vachellia leaf meal could be 
explored and exploited as a natural source of antioxidant in meat, consequently, 
improving colour stability and retard lipid oxidation. The inclusion of V. tortilis leaf 
meal in finishing pigs reduce performance, carcass characteristics, intramuscular 
fat. Pork colour, cooking loos and ultimate pH was improved with increase 
inclusion levels of V. tortilis leaf meal. V. tortilis leaf in finishing diet has the 
beneficial effect in increasing n-3 PUFA, monounsaturated fatty acid, nutritive 
value index and reduce n-6: n-3 ratio, atherogenic and thrombogenic indices   in 
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pork. The largest proportions of individual and total n-3PUFA were between 62 
and 70g/kg, DM of V. tortilis leaf meal. It can be concluded that Vachellia tortilis 
leaf meal could be explored in producing organic pork. Omega-3 PUFA such as α-
linolenic acid (ALA, 18:3n−3) a precursor for EPA, DPA and DHA have probably 
received the most attention in recent years due to their contribution to human 
health and well-being. The LCn−3 PUFAs, EPA and DHA have a broad range of 
biological actions involving cell membrane integrity, signal transduction, gene 
expression, and lipid mediators that together suggest a strong role for prevention 
of CVD, metabolic and inflammatory diseases and cancer (O'Connell, et al., 2017; 
Wysoczański et al., 2016). In addition, DHA has been linked to cognitive and visual 
development in early life (Dyall, 2015). Based on the beneficial effect of omega -3 
fatty acid on human health it is recommended that Vachellia tortilis leaf meal be 




It is recommended that V. tortilis leaf meal in finishing pig diet used as a potential 
substitute of synthetic antioxidant. Ifquality is the main interest over the reduction 
of feeding cost, V. tortilis leaf meal could be incorporated in finishing pig diet up to 
75g/kg DM to increase n-3 PUFA and reduce n-6: n-3 ratio, atherogenetic and 
thrombogenic indices. 
 
Areas that require further research include: 
 Effect of V. tortilis leaf on mineral distribution in pork muscles. 
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 Effect of V. tortilis leaf meal on antioxidant stability of pork 
 Effect of V. tortilis leaf meal on shelf life of pork. 
 Sensory evaluation of pork from pigs fed on V. tortilis leaf meal  
 Ascertain the economic viability of using various levels of Vachellia tortilis 
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